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A8STRACT

This document contains a series of lecture notes,e

sample problems and solutions for the NWFT/DVM (Network
'

Flow and Transport / Distributed Yelocity flethod) model

which was developed at Sandia National Laboratories for

the Risk Methodology for Geologic Disposal of Radio-

active Waste program (NRC FIN A-1192). The purpose of

these notes and problems is to f amiliarize the student

with the code, its capabilities and its limitations.

When the student has completed this curriculum, he or

she should be able to prepare data input for NWFT/DVM

and have some insights into interpretation of the model
output. This report represents one of a series of self

teaching curricula prepared under a technology transfer

contract for the U.S. Nuclear Regulatory Commission,

Office of Nuclear Material Safety and Safeguards, Divi-
.

sion of Waste Management (FIN A-ll58).
)
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NWFT/DVM SELF TEACHING
, .

Curriculum

LECTURE NOTES

I. INTRODUCTION
-

The purpose of this course is to develop familiarity with the.

Network Flow and Transport / Distributed Velocity Method (NWFT/DVM)

model. After completing this course, the student should

understand the mathematical models used in the network flow model

and should understand the basic concepts underlying the

Distributed Velocity Method (DVM). The course will use lectures

and discussion to provide insight into the mathematical models.

Sample problems will be used to provide familiarity with NWFT/DVM

input and output and to illustrate numerical criteria required to

assure accuracy when the DVM transport option is used.

.

NWFT/DVM was developed from the NWFT model* primarily by

adding an option to perform radionuclide transport using DVM. As

was pointed out, the NWFT model has the following limitations:

J

*J. E. Campbell and others, " Risk Methodology for Geologic Disposal
of Radioactive Waste: The Network Flow and Transport (NWFT) Model, -

"NUREG/CR-1190 and SAND 79-1920, Sandia National Laboratories,
Albuquerque, New Mexico, February,1980.

N. C. Finley and others, "NWFT Self-Teaching Curriculum," US NRC
Accession No. , SAND 81-0372, Sandia National Laboratories,
Albuquerque, New Mexico, August,1981.

-1- -
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(1) it can only treat chains of three isotopes or less, (2)~all
,

.

isotopes must have the same distribution coef ficient and (3)

solubility limits are not accounted.for. Addition of the DVM

transport option has removed these limitations. The network flow

model has also been modified in NWFT/DVM to account for brine
-

effects on fluid flow.

.

The NWFT/DVM flow model will be presented first followed by a

review of the analytic transport option. These discussions will-

be followed by sample problems which illustrate the flow model and

the analytic transport option. The remainder of the course will

deal with the DVM transport option. The basic concepts underlying -

DVM will be discussed. The source and discharge models and

criteria for space-step and time-step selection will be,

presented. Sample problems for NWFT/DVM are included at the close

of the lecture notes. Specific sample problems can be worked
.

after a certain portion of the descriptive material has been
-

1

presented. The text indicates at what points each sample problem
*

can be attempted.
.

O
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!
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II. THE INFT/DVM FLCW MODEL
,

.

The Electrical Analog

fMFT/DVM uses a network representation to simulate
,

two-dimensional fluid flow at the reference site. Before
.

discussing the flow model in tNFT/DVM, it nay be useful to briefly-

review the concept of the electrical network analog for

representation of fluid flow systems. Consider the figure below.

I s s
' dd 21 N d p (2'

y
R

Single Resistor

Figure 1. '

,

This simple circuit represents a single resistor. The voltage .

drop across the resistor is d -6 According to Ohm's law,j 2

the current through the resistor is given by

.

I = ( 6) - 9 )I2 1.,

If 9) and 6 are expressed in volts and R is express in ohms,2

then the units of I are amperes.

.

F

-e
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.

Suppose we replace the resistor in Figure l with a
, ,

,

length of resistive material as . indicated in Figur) 2 below.
v L u
is o

/
2

.. ;, .
3.

1

N F--
-

Area = A I

Figure 2. Res is tive Material . -

The resistance of the material is directly proportional to
its length and inversely proportional to its cross-sectional,

area. That is:

- R=9 2.

!

! Where the proportionality constant 9 is called the resistivity.
2The units of p may be expressed a's ohms-meters / meter or ohm-

meters. I f we apply Ohm's law to the circuit element in Figure
2, we can express the current as

.

A (d l- 4)2;,
P L 3.

.

.

We are now ready to illustrate the analogy between Ohm's
law and Darcy's law. Consider a sand-filled pipe of length L '

g

and Cross-sectional. area A as shown in Figure 3.p
.

1

i
.

'

4

1

-, . _ . . _ . . . . . _ . _ . . . . _ _ , _ _ . _ . _ . . _ . _ _ . _ , . _ _ _ , ._.. - . _ . _ , . . _ . , , . . _ . . _ _ _ . . . , _ . _ . . - . ._ _ _ - - . .
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Sand Filled Pipe ~

Figure 3.
;

-:

For this simple case, Darcy's law gives
a

h1-h2Q=KA
P ~lp 4 -

,

L

where K is the hydraulic conductivity of the sand. Thus (1/K) is

1- analogous to resistivity (p), head (h) is analogous to voltage (9) '

- and fluid flow rate (Q) is analogous to current I.
,

l ,

t

! isow suppose one were given the problem of finding the current *

|
'

through each resistor in the circuit of Figure 4
.

O

;
i

6

[
P

S

i

.

{

; -5-
,
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n. x .e c ,.c / .s1

N/ \/. .
,

<Ry / R2 Arrows ~ indicateR
3 '

g W d direction assigned
.

2

{ s *
for positive;

R
.

i

R 5
4 current-flow

/ / N/-
dB

. . , -.

.

Figure 4. -

Circuit of Resistors
:

!

Assume that d 'd , and R) through R5:are known. ThenA B

if 6) and 4 can be determined, Ohm's law can be used to find2

j the current through any of the resistors. The unknown voltages -

| 4 and 4 can be determined by using Kirchhoff's first rule
3 2

for electrical networks which states, "At any junction point in a.

network, the total current arriving at the junction must equal the

| total current leaving." As current results from the movement of

electrical charge, this-rule is equivalent to charge
,

conservation. If we define 1 as the current through which
3

resistor R , then Kirchhoff's first rule givesj

a
! -

I) =13*I4
> ~

i 5.
.

[ 12+I3*IS
.

'

.

.

-

,

! .

I
r-

; -6-

- - - . -- - . - . - _ - - . - - . - . - .. -- - - . .
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i Also,-Ohm's law gives
,

,

b

4A -41 @l ~@2 62 -48
Il* R) 3* R 5* R

I
3 g

,

44<A -f2 41 8
- 1 I4* R

*
2 R

2 4 6.
|

.

I
t

| If Eqs. 6 are substituted into Eqs. 5, two equations with two
.

! unknowns result. These equations can be. solved for the unknown.
:

voltages d and 4 and thus the unknown currents ~I) through; j 2

1 can be calculated,
5

o

{ The procedure for calculating unknown currents in a resistance.

i..
circuit is identical to the procedure used in NWFT/DVM to calculate

unknown fluid flow rates. - ,

The analogy between groundwater systems and electrical circuits- ~

'

can be taken considerably further. For instance, the aquifer

storage coefficient can be related to capacitance. Mcwever, we !

. .

have adequate material here to understand the flow model in,

|
| NWFT/DVM.,

!

,

t

I

t

I

i

!
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The Reference Site Flow System

.

Groundwater flow calculations for the reference site (Figure

5) have been performed using the SWIFT model.* The hydraulic head

distribution, as predicted by SWIFT, is shown in Figure 6. Darcy

velocity (or specific discharge) vectors are shown in Figure 7.- -

As the valley in which the reference site is located is assumed to
.

be symmetrical about River L, a no-flow boundary is used under

River L. Therefore all the water moving through the middle and

lower sandstone aquifers discharges to River L. Except for the

near vicinity of River L, fluid flow in the middle and lower

sandstone aquifers is essentially one-dimensional. The hydraulic .

gradient in the vicinity of the depository is downward across the

salt and shale layers. However, because of the extremely low

hydraulic conductivities assigned to the salt and shale, there is

very little fluid flow across these layers.

.

The NWFT/DVM NETWORK

The network analog used in NWFT/DVM is shown in Figure 8.,

Legs 1, 2, 3 and 4 are used to represent the middle sandstone
~

aquifer. Legs 5, 6, 7 and 8 represent the lower aquifer and leg

i

! *M. Reeves and R. Cranwell, " User's Manual for the Sandia Waste-Isolation
Flow and Transport Model (SWIFT) Release 4.81," NUREG/CR-2324 and SAND 81-
2516, Sandia National Laboratories, A'buquerque, New Mexico, November 1981.

SWIFT Self-Teaching Curriculum, SAND 81-0410, NUREG/CR-1968, March 1982.

|
|
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~15 represents discharge from the lower aquifer to River L Leg 13. .,

represents the depository _and legs 9-through 12 are used to repre-
i
, sent various disruptive' features which affect the salt and shale
"

layers near the depository. ' Leg 14-provides some flexibility for-

simulating the effects of disruptive features down-dip from the'
. . .

'

depository.-
,

.

;- .

3Fluid discharge (ft / day) in legs 1 through 15 is given by

; Q1 = 01 [ P -P41 + (d) - d )]4#
11

PE 4-P5Q2 = 02 + (d4-d)3 '

5#
2

,

P
E 5-P10Q3 = 03 + (d - d10)35#

3

Q4 = e4 [P10-P3 + (d10 - d )3
*

3#
4

P
Q5 = 05 E 2-P8

'

+ (d2 - d )3 ~

8 7.#
5

06 = 06 [ 8-Pg + (d8 - dg)]#
6. -

Q7 = 07 [ Pg-Pil + (dg q d11)]
p, .

Q8= 08 [ 11 12 + (djj - dl2)3
#

1 8

! 09 = 09 [ P -P6 4 + (d6 - d )]4
Pg

1s

>

-12-
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:
o

010 810- [ P -P,5 + (d7-d)37
5j P10

,
*

1

'
PC 8-P6011 = en + (d8 - d )36

i P jj
,

r

: 012 = e12 [ "9-"7 + (d9 - d )]7
i '912
: ...

| 013 = 013 [ P -P76 + (d6 - d )]7 ,

#;, 13
,

Qj4 = ej4 [ P11-P10
'

+ (dj1 - d10)3
'

? P14
i

| 015 = eis [P12-P3 + (d12 - d )33
I # 15
i

! ,

'
>

t

|-
3

I *

|

.

'

k

!-

.

O

P

|

1

!

I

i

k
4

I

;
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; . .
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i

Figure 8. The NWFT/DVM Flow Network. Arrows Indicate Assumed Direction
of Positive Flow, Legs are Numbered as Indicated. Junction
N utnbers a re ci r,cle d.
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A Kj g
,

where ej = L. '

i 1
'

j hyraulic conductivity in leg i (ft/ day)K =

2Aj = cross-sectional area of leg i (ft )
L. = length of leg i (ft)1e

3pi = fluid density in leg i (lb/ft )
.

2Pj = fluid pressure at junction j (lb/ft )
d. = elevation above datum of junction j (ft)-

J

The pressure boundary conditions (P), P , P ) are2 3

required as input as are all junction elevations. All leg
.

properties (area, length, porosity and hydraulic conductivity) are

provided by the user as input. Input values of hydraulic,

U

conductivity are assumed to be fresh water values. The brine

concentration in each lag (required as input) is used to determine

fluid density and viscosity in each leg using a simplified model

described below. These values of fluid density and viscosity are4 *

'

then used to modify the input values of hydraulic conductivity to

account for the presence of brine.
.

,
.

Fluid Density and Viscosity.

Water density and viscosity are functions of temperature,

pressure and brine concentration. However, for present purposes,

the dependence of water density and viscosity on pressure are

-15-
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negligible. Furthermore, a thermal model has not been included as
'

.

NWFT/DVM'is intended for use as a far field model and thermal

effects from the radioactive waste are confined to a relatively

small region about the depository. Thus, in NWFT/DVM, water.

density and viscosity are modelled as functions of brine
.

concentration only.

.

Water density is modelled as a linear function of brine

concentration. That is ~

p(C) 90+ IEl-#) 8.=

0

where -

C= dimensionless brine concentration; i.e., C = 0 for

fresh water and C = 1 for saturated brine
..

p density of fresh water at the reference temperature=
g

3(p = 62.3 lb/f t at 68 F)g

pj density of saturated brine at the reference= *

3
temperature (p) = 74.02 lb/f t at 68 F)

.

The dependence of viscosity on concentration of dissolved

solids can be approximated as

-16-
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N N

g(T,0) [1.0 + 0.005 '1' c; + ,1 A c ].-- _ (T,C) = 9.
, 9j .,

i=1 i=1 -

where
'

.c = concentration of dissolved ion (i) in moles / liter5

A. = temperature dependent coefficient
1.

,

e

p(T,0) = viscosity of fresh water at temperature T-

*
N = number of dissolved species

In nature, solutions containing more than 10 or 15

moles / liter of dissolved ions are unlikely i f not - unknown.

The re fo re , the square root term in Eq. (9) is neglected.-

Assuming NaCf is the primary dissolved mineral, the N=2 and

the dissolved species are Na* and Cf'. For these ions, the

coef ficients ( A) are approximately- independent of temperature.

~
i

v.

A(CL- ) = 0

A(Na+) = 0.08,

i
-

,

1 Then
,

g(T,C) = g(T,0) [1.0 + 0.08 c(Na')] 10.
.

!

We take T = 68*F as a reference temperature and drop the tempera-

ture dependence in Eq. 10. Then
,

'

|

i

;

-17-
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.

(C) = #(0) + [1.0 + 0.08 c (Na*)]
<

lb salt lb salt( g, +y , y
lb sol.

g,p,

3fg 3g)
1

454(-{{-).
I ) 3

/cm3Y) ft' -
|

! o l000i4 3 3 )),'

2.83 x 10 ) cm (t )
,

i 1 moles NACL
.

'
*

58.443 gm .

Where W = weight fraction of salt in. saturated brine.
:

C = dimensionless brine concentration
.

p = p(C) = density of brine at concentration C
i

,

In Eq. (11), we used the' fact that c(Na#) is equal to the moles
; of NaCf per liter of solution.

I*

f

i

Then
.

| c(Na+) = 0.274 WCP
i and'g(C) = g(0) [1.0 + 0.0219 WCp]

1. 2.

.

Well Capability
1 -

There is a feature .in NWFT/DVM that allows the user to place

a system of withdrawal wells on any network leg. The wells remove

a fraction of the aquifer flow. However, it is assumed that the

. wells 'do not significantly alter the fluid flow. Further, it is

i

-18- ,
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assumed that the lateral extent of the well field is greater tfa~n
:.

' ' ' ' ' ' * 'that of the' contaminant plume. This avoids the problem of
.

calculating lateral spreading of the contam'inant plume.

The NWFT/DVM model automatically shortens the migration path -

to the location of the wells. It then assumes that the fraction '

,

*

i of radionuclides taken up by the wells is .the same as the fraction '-

.

of aquifer flow withdrawn. Thus, the radionuclide discharge rates.

are reduced by t.Lis fraction. The dissolved material not' 1 ,"
.

~-;z.
withdrawn will continue migrating to River L. However, a separat ''

, - -r,

NWFT/DVM calculation must be performed to obtain discharge at lic.

'. .|-

River L. - ' ''
, ,

,

i

1

Overall NWFT/DVM Logic
,

N

The NWFT/DVM model is equipped to execute multiple data sets '

,

and to replace entries from the input file with values f. rom an - - -
''

,

'

exterior file. Use of multiple data sets is demonstrated in the
x, ..

..
. sample problems below. Use of exterior files is helpful for

,

statistical Onalyses. The logical sequence of the model is _
{'.,

presented on the following flow chart, Figure 9. ~

s
! ,

-

s
Input is read by. routine FLOWIN. The normal end of execution s'

~

..*
! is attained when FLOWIN attempts to read beyond the last data-set.

- l'

If there is an exterior file of information to be used, it-is 'J
'

,

said to contain input vectors. That is, each input vector has'as

its elements values to replace certain entries on the input file.

j The reading of the exterior file and the replacement of input

values is done in routine GETRV.
.

-19-
_

n .

, - - . . - - , . , , ..,-,.r , _ , , - - + . , - . , - - . - , , _ _ , , - ,,. --.- .- .--,..,-,----.s 2 - +.-,--L -.e



.

,-

*1. , - - -

,
. .

~

> -
. .

' ' ~s .
_

_ ~
I
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. ; Read input .__

, _
-

FIOWIN
- s

-
.

, . .

'

. Encounter ~ -YF9 STOP
'

end-of-file' -

"- -, . . ,

', ,NO
~

. ,.-
,

Are there' input YES Alter the input,

gvectors? by calling GETRV-O

'

NOy

.

Solve for flow p_
-

velodities, etc. -

2/
' Do transport OPTION 13 Which transport OPTION 13 Do transportvia the <'

. >>

analytic model / 0 model is opted? =0 via DVM
.

.
.

'

s

7 Place output on ~| m*

'

. files to be saved?
,

-

,
YES Can'save peak ors

, .

. total discharge or' <

time dependent.

- N0 discharge rates
m

_

s- -
,

- Ahoth4r vector? I-
<_

~

4NU- | YES

'

NO Is output sorting,

.,

, . opted?- -
.. ,

,

^
,YES ', -

s

'

Sort with the aid ~

,
'

of 550sT
_.

a

F i.g u re '9 .' Overall Structure of .t WFT/DVM - ANAM00
~

,,e ' '

4

W

-
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With all input now stored in the appropriate arrays, the
'

network flow system is solved. Resulting migration path and. -

. velocity information are used as input to either the analytic

or DVM transport models. Output f rom either model may be

written to a separate. file. The'possible forms of output are

time-dependent discharge. rates, peak discharge rates, or total-

discharge.
.

The model continues to loop over all input vectors. At

completion, peak or-integrated discharges may be sorted into'

ascending order over all vectors for each species. -If input

vectors are not used then sorting is not performed.

At this point, FLOWIN is again accessed. If there is no

further input , data execution stops. Otherwise, new input is'

selectively read (see the INP array description in-the User'si

Manual)*. Flow and transport are calculated as before.
.

- -

Flow Model Subroutines
,

.

A flow chart for the network flow model is now presented
'

( F i g u r e ,10 ). . Subroutines called from the main program, ANAMOD,
,

are within the dashed lines. Brief descriptions of each routine

!-
are given below. Further information can be found in the User's* ,

i Manual,

i

* Campbell, J.E., Longsine, D. E., and Cranwell, R. M.; Risk
Methodology for Geological Disposal of Radioactive Waste:
The NWFT/DVM Computer Code User's Manual, NUREG/CR-208.1 and
SAND 81-0886, Sandia National Laborato ries , Alb uq ue ro ue , N.M. ,
1981'

"

-21-
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Subroutine USEINP determines permeability, viscosity, fl ui d

. density, rock density, and transmissivity of each leg. It
.

calculates retardation factors for each isotope in each leg of
4 the migration path. It also finds decay constants and ages the
: input inventory to release time. For- non-zero release time,

.

BRANCH is utilized to set up decay chain information. USEINP

has several optional print statements and optionally calls "

,

i
routine SCHEMA. SCHEMA draws the network schematic.

Subroutine COEFF sets up the transmissivity array and the

constant vector used for solving the flow equations. LEQTIF is

a linear equations solving routine which calculates the unknown

p res s ures . Note the LEQTIF is found in IMSL* (Mathematical /
Statistical Library of Computer Codes). Thus, it is necessary

to attach this library for NWFT/DVM execution.

Subroutine PATHLEN calculates fluid flow rates in each leg.
Darcy and interstitial velocities can then be found. The call

to CHKPATH is to ens ure that the migration path input by the

user conforms to the calculated flow and velocity. Migration'

path length and average fluid and retarded velocities are then

found. Finally PATHLEN optionally prints flow, veloc'ity, and
,

path information.

Sample Problem 1 can now be addressed using the information -

presented thus f ar.

* International Mathematical and Statistical Libraries,
IMSL Lib rary Re fe rence Manual . Edition 8, Vol. 2, 1980.

-22-
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*
.

p___ ____ _ _AN_A_ MOD
i ,

| OPTION ,7 = 0 -I
| c call SCHEMA

*

t call USEINP |

| ~TRLSE i> 0
.

call BRANCH
'

'
| |

-

i "

!
;

call COEFF |1

1 :
I I

| |
w Ii

|| call LEQTIF i
8

I :
I i
l I .

i i

Ii "
I !
i call PATHLENi
1 , ; call CHr, PATH
|

1 II
i l

I .|1

L_________________________J
t l

.

.

.

.

,

i
.

,

!

!

.

.

Figure 10. Flow Model Flow Chart
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III Analytic Transport Option

.,.

The analytic solutions to the one-dimensional transport,

equation which provided the transport capability in NWFT have been

retained as an option in NWFT/DVM. Use of the analytic transport,_

option is limited to problems involving chains of no more than
.

three radionuclides which have the same distribution coefficient..

As these solutions have been derived for a decaying band release,

they are suitable for a leach-limited source with a constant leach

rate.
,

The migration of a three-member chain in a one dimensional

system is described by the following equations -

-

3N) B N) gN) ,

R) =D ~v - R) A) N) 13.
2 BX

3" '

O'N dN -

2 2 2
R =D ~ v -R A N2 + R) Aj N) '14.

2 M 2 M 2 2oX

2
*

R 3* b "3 ~ d"3 ~ 3'3"3*b A2 "2
BN

*

3 dt BX2 BX

.

I II III IV V.

where R = retardation factor for species i
g

.

Ng = concentration in solution of species i

9
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D = Ivi a = dispersion coef ficient .
.

' a = dispersivity
,

Ai = decay constant for species i

Referring to Eq. 15, the terms in the equation can be
.

interpreted as follows:
.

bN-

3
I. R = tim ~e rate of change in both the sorbed and

3 dl ,

dissolved concentration of species 3.

2333
II. D = rate of change in species 3 concentration 'due

2
dX

to dispersion - only af fe_ cts the dissolved

component.

^3N3
III. V = rate of change in species 3 concentration due

dx
.to convection - only affects the dissolved

component.
,

. .

3 "3 = rate of change in species 3 concentration dueIV. R A
3

to radioactive decay - affects both the
.

sorbed and dissolved components.

V. R A N = rate of change in species 3 concentration due
2 2 2

to production from species 2 - affects both'

the sorbed and dissolved components of species 2.
.

Y

the time-dependent discharge ratesFor the case R) =R2=R3,(

predicted by Eqs. 13, 14, and 15 are

|

|

l
i

|
*
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N (0) -A t - -
.j j

DR (t) = * (U(t)-U(t- 7 )H(t- 7 )) 16.j 27
_

-A t
-N (0) e 2 N (0) Al -A tDR (t) = + 1 -A t)~2 j

2 '27 27 A-Al -
2 17.* !

2
. [
[U(t) - U(t- T )H(t-T)] -

~

N (0) -A t N (0) A2 -A t -A t3 3 2 2 3DR (t) = e + e -e + 18.
.

-

3 27 27 A -A3 2,

.

-A t -A tN (0) l 2I * eA A27 1 2 ( A - A II A - A l + IA -A IIA -A I *
2 l 3 l l 2 3 2

-A ~

3
*

- -

*

[U(t)-U(t-7)H(t-7)]*

( A A )I A - A I3 3 2 3_

where

T= leach time for a constant leach rate source
H(x) = o x<o

, ,

'

H(x) = 1 x20

and the function U(t) is given by
,

~L _ V- t L L +E t'~ ~

P 9U(t) = erfc + exp e rfc 19."_/4aVt/R _ , _ _/4aVt/R ,
,

.

erfc = complementary error function -
,

L = total migration path lengthp

.

.

7*
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;' Time Steos for the Analytic Transport Model
' <

.

4

A s

j Discharge rates from the analytic transport model are given
4

|]
at selected times between release time, T , and the problem

R

upper bound time, TUB. In subroutine METHOD ~a starting time,
*

.

i TSTART, and an ending time, TEND, are found. The time interval
,

:) [TSTART, TEND) is designed to include all times between T and-
. R

TUS for which there is significant discharge. A time step, DT, is
;

then defined by

- DT = (TEND-TSTART)/200.

Output is given at the selected timesg

'
4 tg = TSTART + i DT, i'= o, ..., 200.

,

i This selection of discharge times is motivated by two.

considerations. First, 200 points are generally adequate to"

resolve.a discharge curve. Second, unneeded zero-discharge ,
;

information is avoided.,

/ To determine TSTART and TEND, first refer to Figure 11. For .

s
a non-decaying species and a constant, leach-controlled source

rate, the discharge curve has the shape depicted. The leading and*

i

trailing portions take the shape of an error function for which

the underlying Gaussian distribution has the following standard
,

deviation.

<2exh,,
-

e T=

:
:
:

,

-77-;

., - ._ __



_ _ _ _ _

_

's

.
-

~i . . .
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s
.

9
'where e,

.

dispersivity in ft
,

a=
,

'
i( . path length.in ftx=,j

v= average velocity in f t/y r The time T, = x/V r is

is the leach duration.the average migration time and 7

i-

- Four standard deviations 'in tiine are taken to find T5 TART .and.
.

TEtlD . That is,
- ,

- 15 TART = max dT +T.-4aT,TR Lm g
1. ;

I, t )

T, TUB |
]i

-

'

r + 4UT +Tp+TEN 3 = min., m
,

b.

,

.-,

Clearly radioactive decay can distort the discharge curve of

Figure 11 but TSTART and TEND remain as adequate bounds.

*
.

.

# e

at

e

O
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Figure 11, Discharge curve for a non-decaying species
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Analytic Transport Model Subroutines
-

.
,

The calling sequence for the analytic transport model is
.

depicted in th.e next flow chart (Figure 12). After the flow

calculations, subroutine METHOD is accessed from ANAM0D. In
.

METHOD, a nonzero value for option 13 indicates that the
'

; analytical solution will be used. METHOD sets up the starting, .

stopping, and increment times as previously discussed.

The remainder of the calculations are performed by BAND and

GIT. Subroutine BAND loo,ps over time finding and applying decay

and production factors to values found by GIT. Function GIT

returns U(t) for a given value of t. Subroutine TPPRT writes time .

and discharge rates to output, an external file, or both.'

.

9

.

e

W

D

i
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-

s.
,

iI ANAM0D
after flow

calculations .

4:

<: .

i
1

4
'

r _
-

,'; .

DVM , OPTION 13=0 call METHODI
'

,:<

i:

OPTION 13 / 0*

;i -

or ,, call GIT
''

.i ;

call BAND .

H call TPPRT
._

.

.

!

.

4
.

|

|
-

:
,

Figure 12. Transport Model Flow Chart
r

|

!

.
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,
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.j .

Sample Problem 2 can be attempted with the information presented

} so far. ''-

4
.

IV. The'DVM Transport Option
,.

'i To examine the DVM concept, consider the migration in one
o

'

- dimension of a non-decaying, non-retarded contaminant. The
.

.i governing equation is,

,

dN " "=0 -V +5 20*dt B2 dX.
X

For an instantaneous, unit point source -

2

(i.e., S(x,t) = 6(x-x') 6(t-t')).,

the solution to Eq. (20) is

-J[(x-x ) - v(t-t')]G(x-x',t-t') = 1 exp
1 1 21.* gy 2,

x 2a
2

6
,

where *

/2D(t-t')3 x=
|.

This solution is illustrated in Figure 13. The function -i

G(x-x', t-t') is known as the Green's function.
.

9

.

.

* .

.
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/ (X', t')S

-

!

!
!

. G(X - X', t - t')
I
i'

U I
i'

-

i_ ~X = X' + V(t .- t') =i .

i' i
.

.

i

(X - X') - V(t - t')
p -.

._

7
G(X - X'> t - t) = 0x exp - - "

V2K 20 2,

X ..p
,

Figure 13. Propagation of an Instantaneous, Point Source From t' to t

-

.

.
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? .

, .a

Equation (20) can be solved for an instantaneous distributed
'

'. source by considering it to be a collection of point sources.

This idea is illustrated in Figure 14. Let the total source be

S. Then the. source strength is' defined asg

.

S(x',t')=IS T 6(t"-t') a s x's b
.

1 0 |

(b-a1 -

.

S(x', t') = 0 x'<a,x'>b
,

Thus the contribution from ax' at xj is
, , ,

S 6 (t" - t') ax' - [(x-x. ) - v(t.-t")]'I 'AC~ exp j,

g g,' (b-a) | 2o2X
, <

' Summing over the distributed source (and integrating over
,-
.

source time, t"),

~EI*~*i ) - v(t-t')]2
'

S 1C(x, t) = o^* 22.
**E ' *i=1 b-a gy 1

' '

-awhere N =
ax *

.

$ y

.

e

@*

-34-
.

, - --- - ---r



------- _ --- -__ - - - - _ - - - - - - - _ - - - - - - - _ - - - - _ _ - - - _ - _ . _

,

. . - -

.

4

.

,

.

.

? AX' 6(X', t')
/ii
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'
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o

Xi
i -| . _

X + V(t - t')i
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. .

Figure 14. Propagation of an Instantaneous,
Distributed Source from t' to t.
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'
.

In the limit as ax' approaches o, Eq. (22) becomes
,

.,

C(x, t) =, (b-a) [b i-[(x-x')-v(t-t')]2}dx'') 1 23.exp <

S cr 2-; x a 2g
4

'

.*'

However, to make the transition from an analytical treatment
,

to DVM, we are more interested in Eq. (22) which indicates that
.

the concentration (or density) of contaminant at x at time t can.

"

be obtained by summing contributions from the source region at
:. some earlier time t'.

$
Consider the gridded, one-dimensional system shown in Figure

15 which illustrates the transport of a " point" source in grid3

.

block j from time t' to time t. Notice that we have changed
'

r

notation from contaminant concentration C to density p to be

consistent with the NWFT/DVM user manual. In this new notation,

which will be used for the remainder of the discussion on DVM,

p(i,t) refers to the particle density in grid block i at time t.
t ,

In analogy to Eq. (22), we now seek to develop the following

relationship for application of DVM:
.

n
s

p(i,t) = B(i,j) S(j,t') t'<t 24.
j=1 .

*

where n = number of source grid blo~cks.
i -

Define At = t-t '

~

;.
,

.

-36-
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5 Now the contaminant density p(j,t') in any grid block j at time
.

.

*i t' is treated as a source in determining the density p(1,t' + At),

i = 1, N . Thus, for transport of contaminant from time t' to, x
-

~! t' + At, Eq. (24) becomes
.

1 N'

X.

] p(i,t' + At) = 8(i,j) .p (j,t'), i=1 N,, ,

-|j j=1 25.,

-;.
:J Where Nx = total number of grid blocks

.

. .9
O

b
ii
;3

*i
E

^! .

.!

. . '',

a

O

A

9

e

d

9

9

e

j

t

4 *

i
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.

Thus the problem of contaminant transport using DVM is
,

,

-

;
primarily a problem of determining the matrix (i.e., Green's

H
1 function) B(1,j).

Dj Before proceeding with development of the 8 matrix, it is

useful to speculate on some of its characteristics. First, note<| -

;j
from Eqs. (21), (22) and (23) that the Green's function depends on .

*

(: ,

; x-x' and t-t'. Thus, although we have written

t i .

.';

D 8 = 8(i,j)

: :
' !

~

:.
it might be more appropriate to write"

'
,

26.B = B(i-j, at),

*

Thus, if we designate p (j,t') in Eq: (25) as the density in
1

source block j and p (1,t' + At) as the density in receiver
, - block i, Eq. (26) implies that the corresponding entry,in the B

-

matrix depends only og at and the distance (or number of grid
a

| I Note also that
i blocks) between the source and receiver blocks.
I the term B(1,j) can be considered the fraction of the contaminant'

a t .'in block j at time t' that will be found in block i at t' +
i We now turn to the problem of determining the B matrix.
,

Figure 15 illustrates the transport of a " point" source (i.e., the!
*

'

;

-39-
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material in a single grid block) from time t' to t' + A t. Figure,

,
,

15 should be compared to Figure 13 which illustrates the Gaussian

form at time t which results from a point source at t'. Thus, the
-

immediate problem is to achieve an approximation at a Gaussian

:j distribution in the gridded system shown in Figure 15. This is .

accomplished by assigning the dissolved contaminant a distribution
,

'

of velocities. Intuitively, one expects that a Gaussian ve1ocity ~

distribution would be required to recreate a Gaussian spatial

distribution. This is shown to be the case in the NWFT/DVM user,

manual. The velocity distribution is divided into N increments
y

of equal probability as illustrated in Figure 16.
.i
<?

.

r%.

|
/ \

J %
.

9

!
~

|
'

,

Velocity Distribution

Figure 16.

-

*

.
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"I

*

The form of the velocity distribution'shown in Figure-16 is
s

,5

.i

I (*~G(v,at) = exp - 27.
?| Sc v | 2c T'

yn
<

'*

h. where 3v = 3x / At = /20 at /At V2D/ at=

I ;

s .

1
' '

Application of the velocity distribution is illustrated in Figure
[ 17. As the N velocity intervals are selected to have equaly
'l' ' probability, each interval is assigned 1/N of the source block

y

contaminant. In Figures 16 and 17, ten velocity intervals are

d used so that 1/10 of the contaminant in the source grid block is '

:1 '

assigned to each velocity interval. The contaminant packet in a

given velocity interval is assigned the median velocity for that,

interval. The transport of contaminant from t' to t' + At is

illustrated in Figure 17. The resulting" spatial distribution of

dissolved contaminant is obtained by summing over velocities.
.

Now consider Figure 18 which shows the transport of*

contaminant in a single velocity interval. Looking at velocity

interval j, we see that there are, in general, two contributions,

to receiver block i. One is a packet of particles coming from

donor block i-k and the other is a packet coming from donor block
-

'

i-k-1. As is also indicated in Figure 18, there is generally only

partial overlap of the propagated block contents with receiver
,

block i.

3-
.
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Figure 18. Discretized Velocity - Space Domain.
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1 The donor block index is i - k .
0

.

where
t

3'

| kj = [[V At/ax]], 28.j
>

,.

1
4

'j. [[ Z ]] = greatest integer:EZ
., ,

,

:.! 8

1: -

j and.V is the velocity assigned to interval j. The fractional
'

j

overlap of velocity packet j in grid block i - k'. with receiver..:
J

f- block i is'
:

j
q M(j) = 1 - (V at/ ax - k ) 29.j j

/ .

;i
.

] and the fractional overlap from block i-k -1 is 1 - M(j). -Thus-
.

jri
the particle density in grid block i at time t' + At is

!

Ny

Ip(i,t' ' + At) = M(j) p (i-k ,t') + 30.__.

N
j

y 3,)-

[1-M(j)] p (i-k .-1, t'))
'

J -

If the contaminant. is radioactive, then there is a reduction in

concentration by the amount '

GD = C e- Aat 31.

where A = decay constant

.

S.

-44-
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~ Thus for a single radionuclide, -; ~*
''

,

N
,

'

V'i. ,

p(i,t' .+ At) = f M(j) p (i-K , t ')+[1-M('j)]p(i-k -1, t ') 32.

J=19
'i
:,i For a chain of radionuclides, we must also consider production.

,

J In this case, Eq. (32) must 6e modified to include a sum over all
.

.

parent radionuclides. Consider a radionuclide decay chain-

.

t \

r
. 1 2 -3 - ... - r-p- 1- r-p--- . . .

, s
e

4

4

The equations for radioactive decay are

. .

dN)
A "1

*~
ldt

dN
2

"-AN22+ 1"1
* '

: dt

. .

. .

' *

-
. .

dN

r"r ^r-l"r-l 33.+"-
dt

.

The solution to these equations can be expressed as-

r-1
N ( t ' + t') = { Ch(r,r-p) Nr-p(t')

-

.
r p=0

where Nj(t) = inventory of isotope i at time t.
. .

,

at -A at'P -A ri r.

A e -e L 34.G(r, r-p) = r-q

j,I r-j r4 ) I'

q=1 i i=1
O

iri

9*

-45-
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: The term G (r,r-p) can be interpreted as the probability that an~

-

,

atom of isotope r-p at time t' decays via r-p r-p-l ... _ r
q-
: by time t' +.At. Notice that G (r,r-p) depends only on At.

.!
Thus for a chain of radionuclides, Eq. 32 becomes-..

i
.- y

.

' Np(r) N -

y

p ( i, r, t' + At) = , r-p) . M(j, r, r-p) .p( i-k ., r-p, t ' )+
'

Np=0 j=1 y g J,
.

1

[1 -M(j , r, r-p )]. p ( i-k .-1, r-p, t ' )[
J

J

35.
.i .

-

,

' The sum over parent isotopes is taken to N (r) to indicate
: P
'

that the sum doesn't necessarily have'to be taken to the top of
'

the chain. The overlap fraction M(j,r,r- ) now depends on'the

velocity interval j and on the average isotope velocity for atoms

of isotope r-p which decay to isotope r during At. The method
'

.

for determing this average velocity will be discussed lat'er.

To further aid understand ng of Eq. (35), consider.the

following probabilistic interpretation. The probability that an
~

atom of r-p in grid block i-k at time t' will be in velocity
j

,,

interval j, will decay to species r and end up in grid block i at

time t=t' + At can be expressed as the product of three terms.

?
.

-46-
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k,

i P ( j ,' i -k), r-p , t ' ) .,

,

(Probability of being in velocity interval j)..
=

j (Probability to decay from r-p to r in t).

1

j (Probability to be in grid block i at time t).

|
*

t

e

[G(r,r-p)] . [M(j, r, r-p)]=
.

, . y.
.

d
.; Recall that only two grid blocks can contribute for any velocity

interval j and r-p r transition. These are blocks i-k and
j

i-k -1. For all other blocks, the overlap fraction is 0.
3

Velocity Model q,

..

For transport of a single species, the overlap fraction for

velocity interval j is given in Eq. 29 as -

M(j) = 1 - (V) At/ Ax - k)) 36.

..

'

When transporting chains of radionuclides, the overlap fraction

becomes,

,

d ' '' "-P I O -k 37.M(j,r,r-p) = 1 -
3 *a2

. .

T

F

. -47-
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i

where
h

P
, ,

,

! V(j,r,r-p) = Tr-q (j,r-9)/ at 38.V

; q=0

j and T is the mean time an atom spends as species r-q duringr-qa
i decay of species r-p to species r in time at. Throughout the!i .

] velocity model discussion we make the assumption that particles
y .

p remain in the same velocity interval during radioactive decay -

o

j over at. To understand the average velocity concept,. consider
<,

l the two-member chain
.-

v:
L; A =8

1
. .

i

Assume that A is long-lived compared to a t and that B is stable.;

h
j In this case, A decays to B at essentially a constant rate during |

i

! t. Thus, atoms of species A which decay to B during at spend, on

the average, at/2 as species A and At/2 as species B. In this,

example
i.

At at
7 V(j,A) + 2 V(j,B)

"

V(j,B,A) =
At-

,.

or -

%
.

V(j,B,A) = [V(j,A) + V(j,B)]

As a second example, assume isotope A is short-lived compared to
.

' '

At and that isotope B is stable. In this case,

T13 7A.
A

. 1

.

-48-
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.
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'i s ,..

?
4

*

and - .

(1/A ) v(j,A) + (at - 1/A ) v(j,8)g A
>1 V(j,B A) =

ht

i Motivated by these two simple examples, we use the following
,f

approximations for the general decay chain.*

'

,,

"
.

:,

9, r-p r-p + 1 r-1 r....

.-

If 1 < at 0<k<p*

- ,
A p,j
r-k

,

i
1

II A r-k 39.
: then T,, =

*
i i j )

i = 1, n; n-ep+1 be the set of all values of A which
| Let/

i ;i
,y

i,
J

meet the criterion of Eq. (39). Then for any species r-k such that

1 > At/p+1
3
r-k ,,,

% n

b 1/Ai at
-

--

'' # *

we set T *
r-k,

p+ 1-n
j
4

I < at for all k = o,p
*

' In case _y P+I,

r-k

at
A*

#~
then T =

r-k
P 41.

' {li

q=0 r-q'

i
To examine the accuracy of this model, consider the two member'

chain r-1 - r. The probability that, in time interval At , an

d

e

-49-
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; atom of species r - 1 decays to species r which survives to the

end of. At can be written as follows:

t / *r A r (At - t))r_j )\
-A

dP(r - Ly r) = e (A_)dt e 42., p
.

.

'} The first term in parentheses represents the probability that
.

species r - 1 survives to time t. The second term represents the,

s

probability that species r - 1 decays to species r in time *'

.
, .

increment dt. The third term represents the probability that,,

i species r survives from time t to time At. Thus, for this case,
,

r-1 t ~ -

tA r-le e r dt,

Tr-1 = at ,- A r-I -A r(at-t)
43*-

t

,
A e e dt
r-l .

*;
.

The solution to Eq. (43) can be written as

(A -Ar-1)at -

r

fAt-r-1 * ( A ' 'A r-1) at
44.

r
e -l,

,

-__ _-

T is then set to T ' = at - T -

r p r-1

Consider the case where the half-life of species r-1 is short and

the half-life of species r is long compared to At. -

.

.

Then A A t '2> 1 A at < 1r-1 r
,

and A ,) jA *
r

In this case, Eq. (43) can be shown to give

-50-
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Ir-1 * 1! A r-1,

.

Similarly, if the half-lives of both species are long compared

to ot, one can show that T = 1/2 at
r-l

Thus, for the two species case, the exact solution of Eq. (44)-

produces the same special case results as our earlier examples. -

Exact calculation of i becomes difficult for chains of more
r-q

than two species. However, we can compare our simple model as

represented by Eqs. (39), (40) and (41) with the exact solutioni

,

given by Eq. (44) for a two-member chain.

.

As a first example, consider the following problem-

at = 1000 yr and
,

-
.

half-life Af isotope 8 = T (B) = 10,000 yrs.g
.

We will examine T f r several values of Tl/2 (A)A
.

.

Thus,

-5 y r'I'

A = In 2 6.93 x 10=
'o 10000

For this case, the NWFT/DVM velocity model gives

t/2f# sTA" .
A a

a

I

- 51 -
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..

TA= 2 for 1 >At
2

.

-
,i .

Tg = at - TA

-| Comparison between the NWFT/DVM model and the exact
't

'

solution is shown in Figure 19.
'h .

As a second example, let,;

~

At =l000 yea rs - .
;

T (B) = 200 yearsj
I '

2.

n2 = 3.47 x 10-3 -lThen A = y rs
B

:{ 200

We again examine T f r several val ues of 1/A . The NWFT/DVMA A

] model gives

.! _L
TA= A at 1 $_At/2,

1 1 A+ AA
^B

-

A

TA=At- 1/A 1 > At/2B
,

A *

A

'

The comparison for this case is shown in Figure 20. Fi g u re s
'

19 and 20 indicate that, for the two member chain, the NWFT/DVM
'

velocity model is reasonably accurate. The adequacy of the .

velocity model is illustrated in several comparison problems
presented in the NWFT/DVM user manual .

'

-

.

. I'

-52-
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Figure 20. Comparison Between the NWFT/DVM Velocity Model and the
E, xact Solution for a Two Member Chain (Second Example)

,

*

.

. _ _ .



- . . . - _. .

"
.

.; .

,
s

- -

%

1 DVM Subroutines
L

i
~

The calling sequence for use of the DVM option is shown on
;

; the next flow -chart (Figure 21). After the flow calculations,
'

subroutine METHOD is accessed from ANAM00. Setting option 13 to,-

!
*

: zero indicates that DVM is to be used. Inside the dashed lines
!

-

are the calls made by METHOD..

Subroutine D.XDT finds the ti.'ie 5tcp, the space ster, and the

number of designated source blocks to be used. The logic is-

discussed in detail in a later section. DXDT uses BRANCH to set
.,

up decay -hain information needed to find effective leach times.

It uses 5 stT to arrange effective leach times, half-lives, and

average migration times into ascending order. All DXDT logic is

bypassed (except for the number of source blocks) if the user

inputs nonzero DX and DT on the DVM control card. (See pr6bles 5

or the Users Manual).

Subroutine SETUP has 6 functions. First, isotopic velocity
.

distributions are determined. Second, the grid block structure is

set for source blocks, migration path blocks, and (possibly),
i

collector blocks to catch material assigned negative velocities.' *

Third, velocities are assigned to those particles which decay
.

over a time step according to the velocity model above. Fourth,

the transport (B) arrays are constructed using the decay and
.

production factors returned from BRANCH. Fifth, the discharge

I
_
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i

:
!

,

l

,' ANAM00
af ter flow

calculationsi .
.

,

), -

-v

OPTION 13 # 0analytic call METHOD;

solution
r----- -- - - - ~ ~ - - - ~ ~ ~ ' ,,

! OPTION 13 = 0 |

| | calls BRANCH
''

s

and SSORTcall DXDT' '.

|.
i

! | .

: I .

| calls BRANCH'''

j call SETUP ', ) PRP and SOURCE
II
3

a

.|3 i

! calls TPPRT" '
si.
'

and SOURCEcall TRNSPRT'.
i.
I
i,

l I

' _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - '
, .

-

t *

.

,

.

Figure 21. DVM Flow Chart
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.

factor array is found with function PRP serving as the integral

evaluator. Sixth, the initial call to SOURCE is made.
4

i,

The transport of material from grid block to grid block over

a time step is done in TRNSPRT. TRNSPRT loops over time fran T:o

to TUB. During each time step, radionuclide transport is
,

performed, source material is placed in the source blocks (by'

:
*

; calling SOURCE), radionuclide discharge rates are calculated, and-

results arc optionally printed (by calling TPPRT).

Sample Problems 3A and B can be attempted with the
.1
' information presented thus far. y
,

.

'
Source Model

I'~

The source model accounts for both leach and solubility

limits by considering three different radionuclide inventories;
'

namely, (1) unleached (2) leached but undissolved, and (3)

dissolved. In the present version of DVM, the leach rate is

assumed constant. However, generalization to a time-dependent

i leach rate is straightforward.

For a constant leach-rate model, the quantity of waste matrix-

! leached during time step at is
t
u m.

am = _ at 45.
8

I where m is the initial mass of waste matrix and 7 is the leachg

time. The concentration sf-(r,t + at/2) of species r in the waste

matrix at time t + at/2 is determined from

;
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:.
bk C

."p(r) '

.,

gl'( r, t + at/2) = G (r, r-p)yl-(r-p, t- at/2) 46.

a p 'o
i
4 Thus the amount of species r leached between t and t + at is

-...

s1 '

,' r approximated as!
.

~"^AN(r,t + at/2) = si'(r,t + at/2) 47.
.! 7
'y .

Quantity AN(r, t + at/2) is placed in the undissolved inventory- -

I t
/ which is given by

.

'i N (.r1p
R N (r,t + at/2) = { g(r,r-p)Nu (r-p, t- at/2) + AN (r,t+ at )

u p=o 2 4g,

ii

where, flu (r,t) represents the quantity of species r in the
*

]i
undissolved inventory at time t. The quantity of species r which

enters solution between t and t + at' is.

'
,

AN (r,t + at/2) = MIN [N (r, t + .at/2),. C 0 a t]'

3 u s
,

49,

i,

where AN (r, t + at/2)is the amount of species r placed in
j 3

solution between t and t + at, C is the solubility limit in .

3

mass radionuclide per mass fluid, and Q is the fluid flow rate in-

<

' mass fluid per time.
.

t

4

$

4

i
'

!
t

I

# t

.

.
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; A flow chart for the subroutine SOURCE is presented in Figure
.i

;

22. Some details and terminology are given here. The initial

call to SOURCE is designated by putting a zero in the subroutine

argument list. The initial call to SOURCE can be found in routine

SETUP. Inventories are established at release time, T . The
.

R

j LLONLY parameter is user input on the DVM control card. Its .

: function:.

.

.

t

LLONLY = 0 the source rate is controlled only by the leach,

time
i

LLONLY = 1 the source rate is controlled only by solubility
limitations

.

LLONLY = 2 the source rate is automatically determined at

each time step (leach- or solubility-liinited)
by routine SOURCE. -

An assumption is made here that leaching begins at time -
* T. Thus, the inventory after being aged to T (n(T )) is theR R

, unleached inventory at T f r LLONLY = 0 or 2. The undissolved
\ R. ,

inventory, N (T ), is initialized to zero for LLONLY = 2. Foru R

LLONLY = 0, the undissolved inventory is not used. For LLONLY = 1

all material is instantly available for solution (i.e., there is

no unleached inventory). In this case, we set N (T ) = U (T ) andu g g

then 9(T ) = 0.R

..

e

a

-59-
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N The remainder of the flow chart description is valid for all
|t

.

-

.

calls to SOURCE. If leaching is'not in' progress at time t (i.e.,

t>Tg+7 or LLONLY = 1) then the amount leached over DT is
I

.' zero, an(DT) = 0. In the case t >Tg +7and LL0tiLY = 0 we
1
i immediately return to the calling program. In the case LL0tiLY = 1
1

*

] there may still be source from the undissolved inventory ep n
i % -

Ij though leaching has terminated. *

l
,

1
i
:
; if leaching is in progress, we first age the unleached

3
'

inventory to the midpoint of the next time step, t + DT/2. With a

constant leach rate, the amount leached over DT is then
,

i approximated by -

hn(t+f)An(DT) =

For LLONLY = 0 that is the ' source so that ,

N (DT) = an(DT), -

s

For LLONLY = 1 or 2 the undissolved pile is aged to t + OT/2. 'The
.

amount available for solution at t = DT/2 is then

.

9

N (t+DT/2) = N (t+0T/2) + an(OT)
'

u u

The amount that can enter solution may be governed by the

solubility limit. First, average solubility limits, C (i.e. the
s

.

. -

.*

* F

G
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NO'

Initial Call?
;

YESv
|i .

.

.
LLONLY=0 Inventory at release time is LLONLY-2

U and set t=T 3,"-
g ,

'

d,LLOHLY=l N =0
"

s Nu = 9
' 4=0

: 1
1

- < \

Y leaching in progress? $'
. a

,

! tt0 j
YES, ''

1' Age U to t + DT/2 and LLONLY = 0 Set Source'
-

set AU(DTl=h U(t + h) N (00 =AU. @
- LLONLY=0?

3

; ti0 LLONLY = 2 .

''
Ti

A9(DT)=k
'

; A9e N t t + DT/2
u

.
* %/

- Amount Available for solution
u (t+0T/2)=N (t+DT/2) + AU (OT)-.' N

u
i

v

Fjnd average solubility limits
,

CS, from t to t + OT

v-

ti (DT) = 0- Set ti (OT) = min fH(t+DT/2),C5QDT
~

3
'

and N (t'0T/2) * H (t+0T/2) - N (OT)
_u u

N (OT) > 0*

y g

find total atoms existing in the (
.

source blocks , sum

se

Amount to be inserted is
I = sum + N (OT)

.

p(i)=IfHss,i=1,...,HSBM-
.

* p

](/ Set'

RETURN
; (. _ _

j. and t = t + OT

Figure 22. Source Model Flow Chart
.
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1

* .

-e., ,

.

"

average isotopic mass fraction times the solubilities) are found
i .

i from t to t + DT. Then the source is ~!

'b

QDTfN (OT) = min f Nu (t + DT/2), C
a 5 s

h
Ji 3 -

|j where Q is the volumetric flow rate in f t /y.
1

f if the source, summed over all isotopes, is zero (or
*

,

a

j insignificant) the routine is bypa; sed on this and future calls.
:,

t'

? Otherwise we update the undissolved inventory,
.

f

'

Nu (t + DT/2) = Nu (t + DT/2) - N (DT).3
.

'
, .

Then, the total material in the source blocks is distributed1

. uniformly across those blocks. That is, we set SUM equal to the -

.:
! amount in the source blocks at time t. Then each source block is
:

-
1

assigr.ed the same amount, I/NSB, where
i

1

.

i
l'= SUM + Ns (DT).

.

In particular this process assumes the source remains uniformly- -

distributed through the depository. Finally, t is updated to t +
..

DT in anticipation of the next call to SOURCE.

Determining total discharge of species r from time t to time t
.

at can be viewed as evaluating+

N (r) NB(r,r-p)
t,at)=f h F(r,r-p,i)p(r-p, N -i+1,t) 50.d(r,

p=o i=1

-62-
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P -
.

9 where
.

.' NB (r, r-p) marks the grid block farthest from the boundary '
'

.

that contains precursor r - p and can contribute to the discharge
! of r, F(.r, r-p, 1) is the fraction of species r - p in grid
i

block N - i + 1 that discharges as species r, and p(r - p, N,x

;
,

i + 1 t) is the number of atoms of species r - p in grid block-

. N - i + 1 at time t.x
*

4

.

The determination of array F ( and as a by-product, the
,

array NB). is the subject of the following discussion. As seen
4

by the notation, F is independent of time. Hence, F can be con-

structed during the setup process and stored. Furthermore, F can

be determined in a potentially different manner for each p.
:

However, with simplifying assumptions concerning velocities and

production, we reduce the cases to p = 0 and p 21.
3

.

Case 1 p=a

Here, we are concerned only with atoms of species r at time

t that discharge as species r during the time increment At. Recall
,

that each grid block has its contents of species r partitioned

into N equally weighted velocity packets. Packet j is assigned-

y

ve l o c i ty v Cj , r). , j = 1, . . . , N . So packet j in grid block Ny x
.

- i + 1 can contribute to the discharge of species r if

V(j, r) ' at 2 (i - Il * Ax.
|

~
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't
-

i
:f ,

i The measure of its contribution and'the time required to
:q

". discharge depends on the Courant. number,
1

't
i

!
A at'g(j, r) = v(j, r) . ' *
,1 x
.

-
.1 .

j. A packet may totally,or partially traverse the boundary as .

: exemplified in Figure 23.

i
.

i
:I
1

f |
.

!~ \ | | F///) | I I b
mp-

} | | f///A I l W/Md
m'p '

.

Figure 23. Total and partial discharge of a typicalepacket-

, ,

of isotope r

~
.

~ ' ~

The contribution factor of packet j in grid block N, - i + 1 is
then,

.

O for ['/'( j , r) ] <i-1
_ _ = ..

h(j, r) = y,'(j , r)- ['r(j,r)] for -. 'C( j , r ) ][ = i-1
- - .

1 for [r(j,r)] > :-l

-64-
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5

If . there were no ra dioacti ve decay, F could now be.

^ 'determined by .

,

';

N
V

h(j,r)
F,(r,r,1) =,

g#
j=1

:

j. where 1/N represents the fraction of <pid block i that isy

'! assigned velocity v(j,r). '

.

However, with decay the fraction F should be reduced to

account for radioactive decay which occurs before the packet -

crosses the discharge boundary. In order to calculate the

fraction of an isotope that survives decay until it discharges we
' need the time, t(j, r, i),

>

.

,

o < t(j, r, i) < At

~

that a packet crosses the boundary.

.

Referring to Figure 23, we define the time to discharge as

the time at which the spatial midpoint, m , crosses the
p ,

', boundary. That is,
'

* '
i At for [f/(j, r)] > i-1

'

1

t(j,r,i) =I
|

' At for [W(j, r)] = i-l,

,

-

..
* $

e
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M Thus, the. array F for the case p = o is defined by
|,s

N
'

F(r,r,f) = h(j, r) exp(~ A t(j,r,i)) '

r

ii j=1'

~j
- -

;

1 Note that NB(r,r) = [ V (Ny, r) + 1] .

1.i .
. -

4

e

14 Case 2 p 2:1 ;'t
!~ Consider the subcase p = 1 as a'model. .

:I

..' Suppose an atom of species r - 1 at the beginning of time
-4

,'{ interval a t is distance L from the discharge point. We det, ermine

the probability that this atom decays to species r and discharges

in at as the product of probabilities of the following three
independent events. .

,

.

Event 1. The atom is of species type r - 1 af ter time t
d

0< td< At.
.

Event 2. During infinitesimal time dt , the atom decays tod ,

species type r.
.

J

~
.

-

Event 3. The atom remains as species r in the time remaining to
.

discharge.
.
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,

, These events have the probabilities:
'

, .

.; -A t*

r-1 d
c' pr (Event 1) = e

pr (Event 2) = f(r-1, r ) Ar-1 dt
d

3
4

TDj pr (Event 3) = e~ A r

.

where,,

y .

! f(r-1,r) is the decay fraction of species r-1 to r and TD is
,

li
} the time remaining to discharge, i.e..

L - v(r-1) t d

j TD = v(r)
1

d flote that v(r) and v(r - 1) are picked from the velocity
! . .

distributions for species r and r - 1. However, they are chosen,

from the same velocity subinterval and thus the velocity index j

is dropped.

The production fraction of species r by species r - 1 is 'then

S found by integrating over possible-times of decay,
,

; T
2 Ly(r-1)t

'dP(r,r-1)= A r-l ( r-l , r} eXP(- A p_1 d)**P - A dtf t
r y V) d

T-

I
..

-

a
.

52.
.

-Al\[I/Vf#-I}
'

r
Ar-l (n-1, r)exp - 1 Ar Ar-1f= .y

/ gy ( r)_ y ( r-1).

,

1 T

A" "~exp - .v(r-1)t d
- v(r) v(r-1)/

- ,

T
~

l
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,

The above integration is valid so long as;
.
- Ar A r-1

*
.

l ~

#V(r) V(r-1)
i

.; Otherwise, 52 is replaced by
;

r1
j -AL

r
.j P(r, r-1) = A r-l (r,r-1)e V(r) (T2 - T)) 53.f

$
.

[] Here, Tj and T2 define the earliest and latest times that an '

.

<

atom of species r-1 at a distance L from the boundary can decay

and then discharge as species r. Their definitions are given
'

.

: below. The minimums and maximums in their definitions are)
.; necessitated by the number of different ways that velocities can

1 be related.,

!
'

The following example may serve to elucidate the
.

.

definitions.
.

Suppose v(r-1)>v(r)> 0 and v(r-1) at > v(r) at>
L. Note that both velocities are large enough to carry particles-

,

the distance L over At. In particular,'v(r) at > L implies-that,

an atom can decay instantly to species r and discha'ge as speciesr

.

That is, T) = 0. On the other hand, decay must occur beforer.-

an atom of species r-1 reaches the boundary. So, time of decay

must be less than the travel time of species r-1 over the distance -

L. Thus, T2 * 'I*(#'I)*

To aid in the general definitions of T and T we use the .

j 2
-

,

values Tmin and Tmax. Tmin-and Tmax are the minimum and maximum

migration. times over distance L. If Tmin > At there can be no
.

contribution to discharge from distances greater than or equal to

r'.

.
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,

L. Also, Tmax is not allowed to be greater than at , since'we are
.

! constrained to the time step ot.

|| By examining in turn the remaining order relationships of-

(v(r), v(r-1), 0) and (v(r) At, v(r-1) at, L), the following
,

,

i: formulae can be verified.
. .

l''

T.- =
min max (v(r),v(r-1)) 54

,

.at
min (v(r) v(r-1)) if 0 < min (v(r),v(r-1)) < 55.T =

max
.

L At otherwise
'

,

i .'
'

} L-T"'. y(r)
" if y(r-1) / v(r) 56.T =<

1 i v(r-1) - i'r)
0 otherwise

] ,

* .a

L-T y(r)*

if y (r-1) e y (r) 57.T *
2 y( r - Mr)

.

T therwise -

.. max
1,

in equations 56 and 57 it is not obvious, a priori, whether T ET2j

or T 2T. We avoid this problem by taking the absolute value of-

2 j

the integral in equations 52 and 53. Certainly, if
.

,

T "OUmin

or

v <0p
d

go
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,

4

q there is no contribution to discharge of species r from these
.

.

. . ' velocities, so calculations 54 through 57 should be bypassed.,

>'-

This also ensures T3 : 0 and T22 2: 0.

In order to generalize 52 and 53 to cases p >>l, one could,

'

consider the set
.

:

:r

j t(r - p), ..., t(r - 1) f , "

.
.

| where t(r - k) denotes the time interval over which species r - k
3
1 does not decay and travels with velocity v(r - k), k = 1, ..., p.
|

j: Then dt(r - k) would be that infinitesimal time for decay froms

g species r - k to species r - (k-1). In this fashion, p - 1 nested

integrals must be evaluated. However, finding the 2(p - 1) limits
; of integration then becomes a formidable task.

.

As an option we treat the decays of species
t

'

r - (p - 1) ... r-1 -
e

r-p -
. t

as a single process over time,

/ P -

td= t(r - k). *,

K=1
-

The velocity achieved during time t is approximated by the .

d

arithmetic average of species' velocities, i.e., define v(rp) by
.

P

v(rp) = v(r - k).p

K=1

'
..

e
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9

:| This is a reasonable approximation for small td (see vel city ,,
,

a

model treatment), which is generally the case in this analysis.
?!

'

f

- :' Event 1 is then restated as:

i Event l': The atom begins t as type r - p and.is of type r - 1.at

i
*

1 t.
d

-'.1,
*

.. .

LI Events 2 and 3 remain the same with TD replaced by
'l
i f L - v(rp) t

d -

TD =. v(r) .

m
.

The probability of event l' is the Bateman production coefficient
,

,. .

j over t'd'
d.

,

:| P P - A t Ar-I d
'

t
r-f dIl f {r-k,r-(k l)) A e -e'-

r-k
k=2 1=2

.

Il p*(A -A ) /
.

! ( n r-m r-f
'' m=1

, mtf
i:

i .

where f(r - k, r - (k - 1)) is the decay fraction of species r - k..

to species r - (k - 1). The production fraction is then,

!'
.

P
*

P(r,r-p) = n f( r-k , r-(k -1 ) ) A .g,

K=1 ,-
-

, .

[L -y(rp)t \
d

T # -A t -A t -A
2 r-f d r-I d r y (r) j

e e -e e
dt 58.,

dIA - A r-f)
J

/=2 n r-m l

m=1.

'l , msk

4**
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.h
a .

''
. -,

:
.

ri

" r-k
If v(r) y y(rp) for all k = 1, ..., p, then integrating 58 and *

,

i$
,' and rearranging terms yields
1

..

::
:'

-A~ b.
r1 .P

.| P(r, r - p) = n f(r.- k, r - (k - 1)) Ar-k' ("} ~

: k=1
.i- .

] T''
2

~

.r _ ,Ar-f v(rp)t bI 1/v(rp)
P

Ar Ar-f ,\v(r) v(rp) d'j
[' Im=1 ( A -m - A -f ) v(r) - v(rp)j r r

T)
,

f=1 - m*f ,.

.
s .

.

... 59.
t '

! p, ,

A -f =1, then equation 59If for p = 1 we define n Ar-m - r

m=1

mal .

contains equation 52. ''

'

p.

If for some f = f',Ar/V(r) = Ar -l' /v(rp), then the sum
f,)

~

P

is replaced by and the term

f=1, .

| t l'
*

P

expf~rH f(r-k,r-(k-1)) A ~

L 2 l' *

r-kk=1 P (A -m-Ar-l'I( v(r) j gg r

m=1
m # l' 1

|

is added. i
i

|
|

|

..
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The determination of T and T proceeds as in equations -

..j p .

54 through 57 with v(r - 1) replaced by v(rp).
;
'

Since v(r) = v(j, r) for some velocity interval j = 1, ...,

NV , v(rp) and thus P(r, r - p) depends on j. We can use the

!. above model for defining F by relating distance L to grid blocks.

We make the assumption that all material in a packet is located at
i

~

the grid block midpoint. That is, let.

.

L = (1 - 1/2) Ax
!

:

To define F first set .

.

P(j,r,r-p) (evaluated at L) OsTmin g Tmax < at
'

p(j,r,r-p]) =

0 otherwise*

-,

'Then array F is given by
,

N
.y

F(r,r-p,1) = h b p(j,r,r-p).

Y j=1
60.

*

Remark: It may happen that v(j, rp) At < Ax/2

for all j = 1, . . ., N . In this case, some of species r in gridy

block N, should discharge during At. However, because we take

L as the distance from the grid block midpoint.to the discharge

|
|
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.j _ -location (i.e., for block N, L = Ax/2), the discharge model .,

'

presented above would produce no discharge of species r. In this
'
,

special case L is decreased to L' such that
,

:;

:
1

} v(j, r) At > L' or v(j, rp) At >- L'
.

.

$
'

.

1

for some j values. Then for grid block Nx (i.e., i - 1), *

';

/

'
Ny

L' 1 ~'
F(r, r - p, 1) =

L N 6P(j, r, r - p) (evaluated at L').

y
J"I
,

61..

Further, note that NB(r, r - p) can be defined by the maximum

value of i that yields 6P(j, r, r - p) * O for any j.

Together, equations 51 through 61 completely define array F.

Sample Problem 4 can be attempted with the information

presented thus far.

. .

Space Step and Time Steo Criteria

.

.

Proper space and time-step selection require consideration of

the following: 1) minimization of numerical dispersion, 2)
,

source term accuracy, 3) proper resolution of discharge curves

and 4) machine storage and execution time.
,

=

N- a

%

.- - -74-
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Numerical Dispersion. In DVM, numerical dispersion is primarily
'

controlled by the Courant numb'er which is defined for isotope r as '
-

; ._
-

.V(r) = *-{r) atax
i

Analysis of numerical dispersion in DVM indicates that numerical
: .

! dispersion can usually be adequately controlled if
'

. .

. " . .'

min- W(r) e 1
- r

..

. Numerical dispersion can also be affected by the length of the
.

contaminant pulse. Clearly if the pulse extends over only 1 or 2
?
* grid blocks, some pulse smearing will result. The length of a

contaminant pulse can be approximated as"

.

P (r) = NSB - Ax + V(r) 'T (r)L f ,

*
.

where P (r) pulse length for isotope r=

NSB number of source blocks=
, ,

..

r r) effective leach time for isotope r. The=

effective leach time is the time actually

I *
.

required for all of isotope r to enter
!

L sointion. I f .r i s sol ubility-limited,
, .
_

th time will generally be greater than-

? ltach time.

1
l.

.

,.

| -75-
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i
s .

T : 2.
.

s, .
I,

.

l Therefore, the number of grid blocks across the pulse is
'i.

.

.] .

J NPB(r) = P (r)/ a xg]
;!
4
l- It is recommen'ded thatj
j -

9
INPB(r)I :la 10min

- 1 t
.

r
.

y .

t

.[ Source Term Accuracy. The amount of source injected into the
r;

l| source grid blocks over time step t is based on the unleached and
-

i
,,

the leached but undissolved inventories at the midpoint of' the

; time, interval. Thus, the value of t should be influenced by the
i
j minimum isotope half life. It is recommended that
't

f. T)/ - '

at 5 2 min (r)
|| .r 2

.

|; Resolution of Discharge Curves. The time step should~be

,; sufficiently small to assure adequate definition of the *

,

breakthrough portions of radionuclide discharge curves. One
*

'

measure of the breakthrough width is o , the standard deviation
t .

in time of the Gaussian distribution underlying the error function

|- shape of the breakthrough curve. The value of a is given by '

.

|

o (r) = /ITI'p / 9(r) '|

| where a is di s pe rs i vi ty (.f t l , L is migration path lengthp

(.ftl, and v(rl i.s the average yelocity for i;sotope r.

.
,.!-

q $
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It is recommended that
'

.

.

'

At 5 2
mJn go (r)

'i
.. ~

.s
.

j Machine Storage and Execution Time. Storage and execution time
.y .

j; considerations suggest maximizing Ax and at. However, in
.

addition to the criteria sug'gested above, Ax should not be greater,
,

than the source length (DEPLEN) and at should not be greater than,
;t

about 1/2 the minimum isotope migration time. Present array
-

.

dirnesis ions require that
-

a

f

L / Ax s 1400. '

p

1

It is important to note that the above criteria needn't be applied

necessarily to all isotopes in a decay chain. For example, a

short-lived daughter of a long-lived parent may discharge only due

to the parent discharge. Thus, its numerical dispersion and. -
!

..

discha'rge curve are controlled by those of the parent. For

practical considerations this means that the above guidelines do-
*

not have to be applied necessarily to such an isotope. The test -

for discharge from the source for isotope r is currently
.

,

T (r) s 10 Tl/2(r)
|
,

>

|

,

se

( . F
!

*
I

>

l

- 77- .-

_ .- . . . - . _ - . - , . _ -. .



________ _ _

,

.

.|
'

.

; Finally, it is possible that these criteria cannot all be

'8 s a ti s fie d. Increments Ax and at must then be compromised in .,
J
j some fashion.
1
j The space and time steps for DVM can be read as input or
i

F1 can be internally calculated by the routine DXDT. The following
U
j flow chart, Figure 24, shows the DXDT routine logic. The symbol * .

:

('! throughout the chart is used to indicate " minimum important.','
J

[ " Minimum" means the smallest value of the variable taken over all *

L{ isotopes in a given decay chain. "Important" here is used to
'

indicate those isotopes for which a significant portion of their
!c

' '

discharge is due to their initial source. More s pecifically, an

isotope is considered important if its average migration time is
f'
a not very much greater than its half-life. In symbols
h
!
I

l' T,Lrl5N T l/2(_r) , s ome N > 0,
*

for isotope r to be important. Currently in NWFT/DVM we set

| N=lQ. This means that according to our arbitrary classification,
l- important isotopes are those for which average migration times

a re les s than .10 hal f-li ves . Th us , important isotopes discharge

at least (.1/ 2 } l0 times 10-3 of their initial inventory. Otherwise,

discharge is assumed to be controlled by a parent or is insigni- *

ficant. It is largely for these important isotopes that DT and
'

DX are adjusted. The adjustments are for source accuracy, dis-
|

charge curve resolution, and minimization of numerical di s pe rs i on .

If DT is not input, it is initialized to

DTl = 1/2 min f 7 *f f, T,f .

i
!

1
-78- |
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That is, DTl is chosen to be the smaller of one-half the minimum
.

important effective leach time and the minimum average migration,

1

time. Effective leach times are calculated from solubility limit
.

considerations. Recalling routine SOURCE an amount C- 0 DT is-
3

L'j input at each time step for those isotopes which are solubility
i limited. In general for such isotopes, the time required to

.

completely dissolve the inventory of an isotope is then longer,

than 7 Therefore, effective leach time is a measure of time

effrequired to deplete the undissolved inventory. Using T as

opposed to 7 can often allow a larger initial guess at DT1.
,

Further, DTl is required to be no larger than 1/2 T min. This
m

ensures that no material can travel from the source to discharge,

points in a single time step.

Next, DTI is compared to important half-lives. There is a

decay approximation in the SOURCE routine that will lose accuracy

for DTl %> T The approximation is that the average amount -

l/2
-decayed or produced over DT can be estimated by the amount at

DT/2. For DT = 2 T the error is reasonably small. So wel/2
require-

DT2 = min (DT1, 2 Tl/2)*
,

.

Resolving curves means generating enough points to accurately

describe curves. We do this by recuirina at least one point on

the breakthrough portion of the discharge curves. Recalling the
;

- .

.

-79-
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] discussion of selecting time increments for the analytic transport '...i
:j model output, we know the standard deviation in time of the
;! .

breakthrough portion,
u..i

j 'cT = 5 2ax / TI *
r

i
p So,

-
'

-

r i

Ij DT3 = min d DT2, 2 o* ) . .

;; L T '
,

's
4

!j This assumes that " unimportant" discharge curves are either

insignificant or are controlled by some "important" parent.,

j'! Finally, from past experience we require some minimum number

j of time steps. That is,
:

OT=minq{DT3,
TUB - T,

R

C11
L

Currently, C11 = 40.

If OX is not input it is initialized.so that the minimum
|

important Courant number is 1. So, |

.

l
DX1 = E * DT.

.

Recall that the Courant number, E OT/0X, plays an important role

in minimizing numerical dispersion. -

Next, the source pulse should be spread over a few grid

blocks to avoid lowering of the peaks of discharge curves. The

,.

-80-
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" source pulse length is defined as 3

7" I+ DEPLEN*v

where
I

DEPLEN is the source (or effective depository) length (ft).
effHere we find the minimum important product of r and II over. o

i

all isotopes. So, -

'

.

DX2 = min DX1, ( 'Iff4)* + DEPLEN

i where C4 is currently 10.

j Also, the number of source blocks should be at least one.

j This number is calculated from DEPLEN/DX. So, we require

fDX2,DEPLENfDX3 = min

' .

The amount of material in each grid block is stored over,each

time step. Arrays containing this information must be dimensioned
,

in NWFT/DVM. Current'dimensioning requires that the number of *

grid blocks be no greater than 1400. If X/DX3 s 1400 then set-DX '

= DX3 and return. Otherwise, set DX = X/1400. Here X denotes the
O

length from the left edge of the depository to the discharge point.

With DX larger than DX3 it is necessary to recheck Courant.

,

numbers. If the minimum important Courant number is no less than

; .9, DX and DT are deemed acceptable. If not, a compromise DT is -

!

j calculated. Hopefully, a time step that gives the minimum
|

i

|

. .
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YES I . -

' ' ,; j 's . ir.put?
.

No .g

| initializN OT to i min
'

' "

-

2

'. f [7 ff T"i"*

{ m )'
; h' '.
-

3
A' Half-life restrictions

{0T,2T*}', OT - min
3

! !
2 |

.

,,
'1

Resolution of curves
;y OT = min [0T,29*} . ,
J

J
-; .

~ .

r1 *

j Require a minimum number
of time steps C11

..,I DT = min 'IOT , US-TRLSE.|:

-Cll J

ir
~'

YES,'

z OX input?-

1,a

(' Initialize DX to-

I |,' p*(DT)

%/

Pulse spread over C4 blocks'

I Teff ?)* + DFPICN
(DX

,OX : min
C4 l

; sr
,

At least one { block for DEPLEN
t .

DX= min 0X , DEPLEN}

1i NO'

X/0X > 1400? -

-

*

, YES..

DX=X/1400
s, ss

|

[ RETURN1 YES
9*0T/ 1

> 0,

>
{ t<0 7

Compromise DT

Figure 24. DXDT Flow Chart-

1

N3 1) DT='j)
2) OT = min (OT, iT* ") ,.

3) i f OT > TUB-TRLSE
DT=(TUS-TRLSE)/40 -82-
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important Courant number as .9 is less than 1/2 T min and TUS - ,
,

I - T. If so, this DT is used. Otherwise, we set OT = (TUB -
R

T )/40. Sample Problems SA, 8 and C can be attempted now. '

R

I

i
.

N

5

14

A .

4

4g

!

I

;*

.

,

!
'

i

.

!

>

I
'

f
*

.
9

t

.

1 -

!- . 31
i

| .

t
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NWFT/DVM SAMPLE PROBLEMS
,

. 3 .

~.

', Five sample problems are presented, having as their main

; purpose illustration of the input mechanics and applicability of

NWFT/DVM. As will be seen, much of the input data remains.
,

unchanged from problem to problem. Therefore, sample problem 1
, .

represents a basic setup which is examined in some detail. This
-

setup, referred to as the base-case (BC) is specific to the
'

geometry of the reference site (Figure 1-SP) and uses results from

the SWIFT computer code simulation of that site ' Figure 2-SP).

We superimpose the NWFT/DVM flow network with the darker
;

; lines as depicted in Figure 3. Figure 4 shows the numbering

system used by NWFT/DVM. Observe that legs 1-4 of the network are

placed at the shale / middle sandstone interface and legs 5-8 lie at
.

the shale / lower sandstone interface. The left-hand boundary of

the network is taken as the midpoint of Column 29 (Figure 3) in

order to satisfy two restrictions. First, it is at sufficient
,

.

distance down-dip from the recharge region to ensure that the

fluid flow has an insignificant vertical component. Second, i,t is
* far enough up-dip from the depository to ensure that most

disruptive features near the depository will not affect the
.

pressure boundary conditions. The resulting placement of the

NWFT/DVM network is critical to the determination of innut

pressures, elevations, leg lengths, etc.

-84-
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.
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,

. 4 .

,' -

,
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1
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2
,

8 %
,
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1 Upper Sand and Gravel

;
2 Upper Shale

4
3 Middle Sandstone

7 I4 Lower Shale - *

' 5 Salt i
" "

VERTICAL EXAGGERATION x 207 Be
*

8 Depository .

Figure 1-SP. The Reference Site Geology.
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GRID BLOCK CENTER
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.
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'

4 asa.a

5
~ MIDDLE SANDSTONE

aco
MIDDLE SHALE6 _ iso

1 I7 _ 150 g i8g _;n ' I
SALT '

'i 10 _ is
R 11 _ 200 /{ l LOWER SHALE ELEV.=/////j//////j'
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Figure 2-SP. SWIFT Setup for Reference Site
,

'

. . . e |

. ;



0.

V_ V10 0

E, 0 FL
6r L

t

.r E=R E r
[g 9| , 0 iE 6RV.

i.

I A

I i

I I .

E

I e

< f

'.,
I

i

I

. 0I .

n. 06i si

.
| i I i

4
' g

e.:. l

Le
I

TI
. .

FI i

. i
I W
f N

. i

ef

0I t
a '

5I 0 i

c. i

I
0

i

*
A d
i ne

, I
i

.

-
f i s
I e
'l n

i ) i
I T L

0I F
04f 2 i k

r
i 1 0 a

1 Di

e
(I

-f

E
i i

C k
_ i R rl

t
e E A oe

B T wU I

1 S ttt 0 I eR 0aU 6 i D NJ

E i 3f t
1

V I
i L T1

tI
f

t
e A Ft

R
f U, T W

L N N
O i O1

f
C Z

I .

R Pi i

O S
I H - *

0 3
1 i

0

0 I 2 e
2R e

r
u

A g
* I i

'i
F

A

f e

d
l f

0* 'r _
_ i 4 i

2
_

1

T _
'

1 i

_l

7 0 i
1 i i

E3 i /,R .

t

T1
R i

1 51

E6 343
C

i 0
. . .8

= a 2
e 033300000000

l 033305505500;

C1
h 133321111123

-
t

0, O a
,

Ii
gl T _

l li

DV 9f [ A ,_ 111
123456789012A ,

1
g

;
I 1

R!
- ~ ~ _ _ '.GE
3 2 , 4 5 fj g 1 2

11 1 4



- , _.

:
_. -.

;.:

'!
:. s,

1

3

I *

,

t

i
;

1

-.

1
a
.

.
!

.

,

i 1 2 3 4

@ > D @ @ @' '

.

i

ss ss
4

9 10

; 13 ss ,s

@ @ 14 15
'

'' ^11 12
.

5 6 7 8

@ > @ @ D A' ' '

.

.

Figure 4-SP. NWFT/DVM Numbering System
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Sample Problem 1: Base Case ,
,

j The base-case description is as follows:

BC(1) The title card (8A10)

8ASECASE SETUP'

:
* *

BC(2) The options card (23I1)
-;

.

Enter ones in column 1,13 and 17.
: ,

?

,
BC(3) The pressures card (3E10.3)

Pressures at elevation for junctions 1, 2, and 3 are requiredi

g boundary conditions. They are taken from the output of the compar-

able SWIFT base-case (i.e., no disruptions) simulation of the

reference si te. (See NWFT/DVM User's Manual NUREG/CR-2081.) SWIFT

l calculates pressures (lbs/in.2) at the top center of each grid block.

So, junction 1 corresponds to block (5, 29) and junction 2 to block

(12,29). These values can be found in Table 1-SP. Junction 3 is

treated somewhat differently. By referring to Table 1-SP it can be

seen that pressures along row 5 show little change from columns 29'

through 65. From 66 to 69, however, pressures increase in order to

drive the flow upward to river L. The discharge point in NWFT/DVM
'

is technically 1100 feet below river L so there is no need for the

pressure increase. Indeed, NWFT/DVM flow calculations are more
.

compatible with those of SWIFT when the input outlet pressure is

comparable to the typical row 5 entry. We tnerefore equate junction
,

3 pressure to that of junction 1. Thus,

P(l) = 432.7

P(2) = 646.1

P(3) = 432.7
-89-
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SWIFT Base Case
Table 1-SP: Pressure At Elevation H(PSI),

1 2 3 4 5 6 7 8 9 le

! -449.8 -425.5 -tei.4 -3ri.6 -345.0 - 322. s -se2.4 -286.t -264.4 -245.s
2 -405.9 -382.4 -358 5 -328 4 -302 2 -279 2 -259.5 -243.0 -221 7 -282 7
3 -266.5 -234.5 -215.3 -194.0 -169.4 -146 3 -129.5 -99.9 -78.1 -58.8

* * -125.9 -99.5 -78.6 -59.3 -46.6 -24 2 -13.9 15.6 38.1 57 1
5 85 9 40.6 56.6 84.6 96.2 102.8 186 8 884.2 137.5 114.*7

; 6 tee, a 125 0 148.7 144.6 172 6 182.9 177.0 178.7 194.8 299.9
- 7 164.7 188.3 284.8 209.4 237.4 247.7 229.2 289.5 234.7 247.6

8 220.5 252.5 267.4 274.5 284.5 382.5 287.1 261.2 278.9 289.4
1 9 271 3 294.4 388 1 387.8 327.9 349 6 276.3 304.3 313.9 323 3
I IS 335.5 358.4 374 2 382.8 392.6 406 5 341.2 369.2 374.9 388.2

In 399.4 422.5 438.4 447.7 457 1 465 2 413.6 432.6 424.9 452 9.

! 12 445.9 508.5 524.4 534.2 543.2 547.0 505.9 517 6 514.4 537 9

i
j 11 12 83 14 15 16 17 18 19 28

| 1 -226.7 -2ef.a -1 s r.1 -87s.7 -853.8 -13s.1 -122.s -ate.4 -97.5 -87.4
I 2 -144.8 -164.7 -145.2 -127.7 -130 3 -95.1 -80.1 -67 3 -54.8 -44.3i

3 -48.8 -21.0 -4.6 16.2 33.4 44.4 63.5 76.6 80.9 99.6
4 182.2 123.0 142.4 160.4 177.4 193.0 207.6 220.7 233.0 243 7
5 225 1 244.3 262 8 383.3 321 6 337 2 351 9 365.0 377.2 388.0
6 275 8 290.9 305.4 384.8 360.4 374.4 40s.6 421.F 433.5 443.1
7 307.2 328.5 332.7 451.8 338.5 344.4 414.0 **7.0 437.8 447.5
8 348.7 357.9 365.5 395.F 313 4 322.5 429.8 442.5 452.2 461.3g
9 366.9 372.5 3F6.5 318 1 324.3 332 4 424.4 435 9 443.0 453.5m

o 10 402.2 483.3 403.3 382.2 389.1 397.8 432.3 448 2 449.3 457.2
3 11 452.5 451 1 449.2 446.5 454.0 461.6 468.8 476 9 483.9 491 5

12 5 3 8. F 535.4 584.8 532.8 540.4 547.9 555.5 563.0 570.5 578 1

21 22 23 24 25 26 27 28 29 30

1 -76.3 -69 8 -61.0 -55.7 +50.0 -47.0 -43 7 -43.0 -93 0 -43.4
2 -34.2 -26.8 -18.3 -12.6 -7.3 -4.0 -1 0 .0 .1 .4
3 109.5 117.9 125.4 131.3 336.4 140.0 142.8 143.9 144 1 143.4
4 253.6 262.0 269.5 275.5 280.5 284.2 286 8 284.1 248.4 2 8 *. . !
5 397.3 406.3 413.8 419.8 424.8 424.5 431 8 432.4 432.7 432.4
6 453.5 461.9 469.3 475 5 400.4 484.9 488 1 490.0 491.1 491.6
7 456.5 464.8 472.2 478 7 484.6 449.5 493.8 497.0 499.7 501.7
8 4FO.2 478.0 485.5 492.3 498 6 504.2 509 3 513.F 517 1 528 8
9 468.8 469.7 477.2 404.2 491.0 497.3 503.3 508.4 514 0 518.6

10 465.4 472.6 480.2 487.5 494.8 502.0 589.0 515.9 522.6 528 7
!! 499.1 586.6 514 1 521.7 529.2 536.8 544.3 551 9 559.4 566.2
12 545.4 593 2 600.7 600.3 615.8 623.4 631.0 634.5 646 1 652.9

51 32 33 34 35 36 37 38 39 48

1 -43.5 -43.6 -43.7 -43.8 43.9 ~44.0 -44.2 -44.3 -44.4 -94.5
2 .7 -1 2 -1.3 -1.6 -2.0 -2.3 -2.6 -3.0 -3.3 -3 7
3 143.s 143 2 142.9 142.6 142.2 141.9 141 6 141.2 840.9 140.5
4 267.4 2 e f. 5 287 2 286.9 286.6 286.2 285.9 285.6 285 2 284.8j 5 43$.. 4 31.8 433.5 438.2 430.1 430.6 430 2 429.9 - 429.5 ;429 1,

i 6 492.9 492.4 492.F 413.1 493 5 493.9 494 2 494 5 494.8 495 1
| 7 533.4 505.2 506.9 50s.6 510.4 512 1 583.4 515.5 517.2 518.9

4 523.m 526.7 529.6 532.4 535 3 534.2 548.0 543.9 546.7 549.6
9 522.b 526.6 538.6 534.6 538.6 542.6 546.4 558.6 554.6 554.6

10 534 1 539 4 544.8 558 2 555.5 560.9 566.3 5F1.6 577.. 582.4'
11 572.3 578.3 584.4 590.4 596.5 602.5 600.6 684.7 620. F 626.8
12 658.9 665.3 678.4 677 8 603.2 689 2 695 3 701,3 787.4 753.5, 4i

!
..

, . .
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Table 1-SP (cont'd)

et 42 43 to 45 46 47 48 49 58
|-

1 -44 6 -44.4 -94.9 -45.1 -45.2 -45.4 -45.5 -45.7 -45.9 -46 1
] 2 -4.1 -4.* -4.9 -5.3 -5.9 -6.3 -6.8 -73 -7.8 -8.4

3 140.1 139.7 139.3 138.9 138.4 137.9 137.4 136.9 136.4 435.8
4 294.4 244.3 283.6 283 2 282.7 282.3 281 8 281.2 280.7 280.1
5 424.4 428.4 427.9 4 2 F.5 42F.1 426.6 426.1 425.5 425 0 424.4
6 995.5 495.8 496.0 496.3 496 5 495.9 497.0 497 1 497.3 497.4
7 %20.6 522.3 524.8 525.6 52F.2 528.9 530.5 532.1 533.6 535.2
8 152.4 555.2 553.8 560.7 563.7 566.5 569.3 572.0 574.9 577 5
9 562.6 566.9 570.5 574.5 578 5 582.4 586.4 598.3 594.1 598.2

to 187.8 593.1 598.5 603.1 609 2 614.6 619.9 625.3 630.7 636.0
13 612.R 658.9 645.0 651 0 657 3 563 2 669.2 675.3 681.4 687.4
12 347.5 725.6 F31.6 737.7 743.8 749.9 755.9 762.0 768 1 774 1

51 52 53 54 55 56 57 58 59 60

1 -46 3 -96.3 -46.0 -47.0 -47 3 -47.5 -47.8 -40 1 -48.2 -47 6
2 -9.1 -9.F -10.4 -11.2 -11 9 -12.8 -13.6 -14.4 -14.8 -82 9
3 135.3 159.5 133.8 133.0 132 2 131.4 130.5 129.6 120.8 131.1
4 279.4 278.8 278.1 277.3 276.6 275.7 274 8 273.7 271 8 275 0,
5 423.8 423 1 422.4 421.7 428.9 419.6 419.0 417.4 414 1 419 1g
6 497.5 497.6 497.6 497.6 497.4 505.3 505.4 583.5 494.2 499.9

s 7 536.F 558.2 539.7 543.1 542.4 469.9 570.3 568.1 546.8 553.2
8 540.3 583 0 585.7 588.3 590.4 192.4 596 1 590.3 599.7 688 5 .-
9 602.1 606.0 609.9 643.8 616.7 593.2 600 2 6e7.s 631.8 642 1 3

30 641.4 646.7 652.1 657.4 662.3 658.3 665 8 674.6 &n3.6 695.4 0
11 593.5 699.6 705.7 711.7 717 8 723 7 738.0 736 1 742 5 754.6
12 780.2 F86.3 792.4 798.5 804 5 810.6 846.7 822 8 828.9 841 4

;

61 62 63 64 65 66 67 68 69 ;
1 -46 7 -45 8 -44 8 -43 8 -42.5 -40.3 -38.0 -36.3 -38 2 t'
2 -83.3 -F.5 -4.7 -16 2.3 8.8 16.0 20.9 15.2
3 433.8 136.6 139.5 142.4 145.9 152.9 160.8 167.8 172.8 ;
4 2F8.0 280.9 283.7 286.4 288 8 296.8 304.0 315.4 326 2 j'
5 422.3 425.2 428 0 430.5 430.9 440.7 451 0 462 0 475.5
6 504.1 500.0 511.8 585.s 515.3 526.9 538.8 549.9 544.8
7 559.4 565.4 571.2 576.2 578.9 591.6 603.3 615.9 631.6
8 616 3 624.0 631.6 638.3 643.4 656.5 668.5 681 3 697.4
9 651.6 661 0 678 3 678.9 686.6 699.8 718 9 724.8 741.0

le 706.9 718.4 729.7 748.8 751 6 764.8 776.9 790.8 806.3 ,

!! 767.1 779.6 792.0 884.4 416.7 829.9 842.8 855 1 871 5
12 853.9 866.3 878.7 891 1 903 5 946.6 928.8 942.0 958.5

.,..n.w tok .sh e .

.
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BC(4) The Conductivity Cards (8E10.3, 7E10.3)
ii .,

The reference site hydraulic properties used in the SWIFT

i t calculations are shown in Table 2. Appropriate hydraulic

; conductivities for legs 1, 2, 3 and 4 are the horizontal

a conductivity of the middle sandstone. The horizontal conductivity'l-

,

of the lower sandstone is used for legs 5, 6, 7, and 8. As the
e

hydraulic conductivity across the salt and shale is essentially
'

.

vertical, we assign an effective vertical conductivity of salt and!

y
j shale to legs 9, 10, 11, 12, and 14. Similarly leg 15 represents

,| vertical flow through portions of both the middle and lower-
7; sandstone. The differing media can be viewed as providing
2 ,

resistance to flow in series. As an example we find the effective
,

conductivity of leg 15, thus
)

;;

-R = R( + R,
, -

| where

N
.

R = total resistance to be assigned leg 15.

Rt = resistance of lower sandstone.,

-. .

" Rg = resistance of middle sandstone. -

So
.

.

.

'15 L E
L + m

K
^15 K A K A15 L L m m

-92-
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Table 2-SP. Reference Site Hydraulic Properties
.

Horizontal Hydraulic Vertical Hydraulic
Conductivity . Conductivity

j (ft/ day) {ft/ day) Porosity

[[ Middle
;j Sandstone 50 1.4 0.3
U Lower Shale 10-2 10-3 0.3.

*;;.

d Salt 10-5 10-6 0.03 -

+

~

Lower
; Sandstone 40 7.0 0.3
,

|

- ; i1

*
.

,.

I
-j

.

4

''

, ,

M

i

.

t

-
.

,

w

.

f

i

r
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i

; where .,

1
.

] L length of leg 15=
15

,

15
conductivity assigned leg 15K =

.

j A
IS cross-sectional area of leg _15= -

1;

j L length of' leg 15 through lower sandstone=
.

L
.

K( vertical hydraulic conductivity of lower sandstone=

L, length of leg 15 through middle sandstone=

K, vertical hydraulic conductivity of middle sandstone=

A A, = AIS=

5

From Figure 3-SP and Table 2-SP
.

1100 600 + 500=

K # '4l5- *

. .

In a similar manner effective conductivities are found for

legs 9-12 and 14. The appropriate leg lengths are given in the -

BC(6) cards below. Refer to Table 2-SP for the vertical

salt / shale conductivities. The horizontal conductivity of salt is
.

assigned to the depository location, leg 13. So,

.

9

.

.- [*

-94-
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legs 1-4 K = 50 ft/ day

legs 5-8 K = 40 ft/ day

. legs 9 & 12 K = 1.5 x 10-6 ft/ day-

i legs 10 & 11 K = 1.67 x 10-6 ft/ day

leg 13 K = 10-5 ft/ day
4| .

leg 14 K = 1.57 x 10-6 ft/ day'

,

.

leg 15 K = 2.5 ft/ day
,

, -,.

BC(5) The Cross-sectional Area Cards (8E10.3, 7E10.3)

The aquifer widths are assumed to be that of the depository.

(6000 ft). Upper and lower aquifer thicknesses are 1000 ft and
i

300 ft, respectively. From Figure 3-SP the width of a leg 15 is
4 20000 ft. The interior legs are arbitrarily assigned to have

2
: areas of 1 ft , 3g,

i

6 2legs 1-4 area = 1000 x 6000 = 6 x 10 ft
6 2legs 5-8 area = 300 x 6000 = 1.8 x 10 ft

,

2
| legs 9-14 area = 1 ft

8 2leg 15 area = 20000 x 6000 = 1.2 x 10 ft

i
.

BC(6) The Leg Length Cards (8E10.3, 7E10.3)

As SWIFT pressures are located at grid block midpoints, leg-

| lengths are measured accordingly. From the right edge of the

depository to the river midpoint is 138,000 ft. Depository length,

|

| is 8000 ft and is assumed to be level. From the left edge of the
i

!

|
' -95-

i
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depository to the NWFT/DVM aquifer inlets is 14,500 ft. Vertical!i '

!- -

legs must maintain a totai length of 1100 ft. Leg 14 is

arbitrarily placed 38,000 ft down-dip from legs 10 and 12. So,i

,!
-

i
'. I

Leg Length (ft)

] legs.1 & 5 14,500
-

'

,

q: -

legs 2, 6 & 13 8,000
91

-

j legs 3 & 7 38,000
'i
'j legs 4 & 8 100,000m

,
leg 9 600

4

leg 10 497,

| leg 11 500

':- leg 12 603
n

legs 14 & 15 1,100
'

.

;

.

[ BC(7) The Junction Elevation Cards (8E10.3, 4E10,3)

: The sine of the dip angle used in SWIFT is .012937864.

l
.

Using the top center of the grid blocks as measuring points, the
'

distance fro,m block (1,1) to (29,1) is 140,000 ft. Sinca grid

block (1,1) has elevation 6513.7 ft, the elevation of block (29,1) ~
,

is
.

6513.7 - (140000)(.012937864) = 4702.41

1

-|

.

-96-
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The elevation of junction 1 (the upper aquifer inlet) is therefore,
; ,

-4702.41 - 1100 = 3602.41-

n .

'!

q. With this as a reference point the leg lengths and dip angle are
'

'' '

used to determine the remaining junction elevations.
.

.

Junction Number Junction Elevation (ft)
2 2502.41

*

3 1525.81
,

4 3414.81
.

5 3311.81

{ 6 2814.81
'

7 2814.81

8 2314.81
.

9 2211.31
.

10 2819.67
.

11 1719.67

12 425.89
,

,

BC(8) The Porosity Cards (8E10.3, 7E10.3)
~

Legs 1-8'and 15 are taken from the values for sandstone in

Table 2-SP. Legs 9-14 are assigned salt porosity. -So,

legs 1-8, 15 0 = .3

legs 9-14 @ = .03

-97-
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BC(9) The Brine Concentration Cards (8E10.3, 7E10.3)
' ..

'i

i The interior legs are assumed to contain saturated brine

! and the aquifer legs are assumed to have fresh water. So,
i

.
'j legs 1-8, 15 brine concentration = 0

")
'

'

legs 9-14 brine concentration = 1 .

k
i
| BC(10) The Migration Path Card (8I5) i

-

l

} Even though there are no disruptive features in the
.

basecase, the 6 legs (13, .11, 6, 7, 8, and.15) provide an avenue

6for radionuclide migration. Discharge does not occur before 10.;
.! years, but nevertheless, NWFT/DVM requires that a path be read.
.

; So enter
4 3

|,
,

. ; 6 13 11 6 7 8' 15

1

4

.

8C(ll) .The Well Information Card (IS, 2E10.0).

This card is read only if withdrawal wells are present
,

signified by setting 10PT(12) * 0. So, it is omitted in the base -

case. l

.

BC(12) The Isotope Data Cards

The decay chain

s

NP 237 -- U233 -- TH229

-98-
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is used.in the base-case because it is transported in sample,

problems 2 and 3. The complete set of isotope data is contair.ed

in the following 6 lines:

(i) 3 (IS)- ,

,

(ii) 237., NP237,.1, 0, 2.14E6, 1.E3 (E10.0, 4x, A6, 2I10, 2E)0..

T

(iii) 233., U233, 2, 1, 1.62E5, 1.E3 (E10.0, 4x, A6, 2Il0,2E) 0.

(iv) 1, 1. (Il0, E10.0)

(v) 229., TH229, 3, 1, 7.3E3, 1.E3 (E10.0, 4x, A6, 2Il0,2E)l0.,

~

(vi) 2, 1. (Il0, E10.0) _ , +
~

.-

_

4

Line (i) indicates the number of isotopes (NOISO) in the decay

chain. Lines (ii), (iii), and (v) contain the atomic mass, name, '

component number, the number.of parents, the half-life, and the
,

initial number of curies for each isotope. Lines (iv) and (vi) are

the parent information cards for U233 and TH229, respectively.
,

They give the parent component number and parent-to-daughter decay

fraction. For example, line (iv) indicates that U233 has the,

j parent NP237 (component' 1) and that NP237 decays only to U233-

(decay fraction = 1.)..

.

BC(13) The Distribution Coefficients (KD) Cards

A total of NOISO (=3) cards are required. Here, 3 blank

i cards are input. Since the machine considers blanks as zeros, all

radionuclide velocities are therefore unretarded.

-99-
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BC(14) Leach Time and Dispersivity Card (2E10.3)
t ,

,

[j Leach time is set to 10 years and'dispersivity to 5005
,

:: ~

ft. Cards 15-17 are skipped beciause 10PT(13) = 1 indicates that an

[; analytic solution'will be used.

-! _

-

!.! BC(15) The DVM Control Card
. .

-

{ Dis regard in the base-case

., .

!

BC(16) Solubility Limit Card (s)-

'i Disregard in the base-case.
i

'

BC(17) Time-dependent Mass Fraction Cards

Disregard in the base-case.
,

4

BC(18) The vector / time-Card
,

Insert a blank card. In particular, this signifies an '

0upper bound- time of 10 years and a release time of zero years .
t

are to be used.
i

.

.
!' Table 3-SP is a list of the Base Case Input. Table 4-SP

contains the Base Case Output.
,

,

e

.

. 3'
.
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8C 1
7HC SA$CCASC SCTUP'

BC 2
1 1 1 8C 3

432 70 646 10 432.70 40.0 8C 4
S0.0 S0.0 50 0 S0.0 40.0 40.0 40.0 .

1.SC-6 1 67C.6 1 67C-6 1 5C-6 1.C-5 1.57C-6 2.5 BC 4

6.C6 6.E6 6.C6 6.C6 1 8C6 1 8C6 1 8C6 1 8C6 BC 5

1. 1.0 1. 10 1. 1. 1 2C8 8C 5
,

14500. 8000. 38000. 100000. 14S00. 8000. 38000. 100000. 8C 6-

,! 600. 496.5 500. 603.5 8000. 1100. 1100. SC 6
1

3602.44 2502 41 1525 89 3414.81 3311.31 2814.81 2814 81 2314.41 BC 7
BC 7

2211 31 2819 67 1719.67 425.89

.3 .3 .3 .3 .3 .3 .3 .3 BC 4

.03 .03 .03 .03 .03 .03 .3 BC 8

8. O. O. S. O. D. O. O. SC 9

1 1 1. 1. 1. 1. O. SC 9
OC 107

6 13 11 6 7 4 15 BC 12
3

237. NP237 1 0 2.14C6 1.C3 BC 12

233. U233 2 1 1.62CS 1.C3 BC 12
' 8C 12.

1 1

229. 7H229 3 1 7.JC3 1.C3 8C 12
i

BC 12
2 1. SC 13

!' BC 13
8C 13

!I * BC 14
1.Es 500. BC la

.

1
.

Table 3-SP. NWFT/DVM Base Case Input*

.

i

|

|

l'
i

f

i

l

- 10 1-

1

_ _ _ _ _ _ _ . . _ _ . . . .. _, . _ _ . - . . _ _ _ . _ _ _ _ , , . - . _ _ . . _ . _ ,



~ - - - . . .- - . . . . _ . '. , .. . . ;% _ ; l u _._ , , , , , , , , _ ' - , ,_, , , , , , , _ _

.

.

.
.

THE S&SECASC SCTUP

1 GPi!DNS tel 20 3.0 90 50 6.0 7,0 See See 10 0 11.0 12 0 13 1 19.0 15,0 16.0 17 e1 10.0 19 e8 20 0 21 0 22 0 23 0

NU9BER OF ISOTOPES 3

,M ISOTOPE N AME HALF LIFE ETEARSI INITIAL AMOU1T (CI) .

O
P@ NP237 2.140C+06 1.000C+0)
' U233 1 620E+05 1 000C+03

TH229 T.300C+03 1.000E+03

LCaCH TIMC = 1.S00C+05 TEARS DISPER5tVITT z 5 000E+02 FEET
'

NO OF VCCTORS s 0 TIME UPPEA 80VN3 3 1.00E+0g

Table 4-SP. Base Case Output

,
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e
...........
e e eeeeelee. * 'e eeeeee. ........e enseeJese seeeeeeees
e UPPER e e e e e e e e e e 4 ' '

e SQUIF EC e---e LEG 1 e----------------e LEG 2 . ---- -- -- ----- --- ---- e L E G 3 e ------------ e L E G S e - -- ---- ------ - - e C'd T L E T e
. INLET e . . - . . - . e . . . - . .
e . ..e...... - e...e ... - ..e.ee... . ..... ... - .......ee.
......... . - - - -

- - - .

.eeeeee.. ee s.o.. . - -

. . e e - .

e LEG 9 . . LEG 10 m - -

. . e . - -

......... e..eee ese - -

- - - -

- .......... - eeeeee.... .e .eeeee.
- . e - e e . .

---------* LEG 13 e------- e LEG 14 e e LEG 15 .

- e e - e o e e
- .eeee.eee. - ..eeee.... e.ee...e e
- - - -

ees.eee.e. .ee.ee..ee - -

e e e . - -

* LEG 11 e e LES 12 e - -

e . e . - -

3 eeeeeeeese eeeeeeee.. - -

- - - -

..ee.e e. . - - . . '

. e e.eeee .e - e..eeeeee - e.eeee es - e.seeeeee -

e towCR e . e - e e - e e - e . -

A0ugFER e---e LEG S e----------------e LEG & e--------------------e LEG 7 e------------. LEG B e-------- *.
,

g INLEI e . . e e e e e e.

y* e e .ee..ee.e eeeeeeee. .....seee seeeeeees.

ee.e.e....e

------R ADI ONUCLIOC MIG R A TI ON PATH------LESS 13 11 6 7 8 15

UPPER AQU1FER INLET
INLEI PRESSURE = 62308.80 L8/Fie.2 *

ELEVAIION = 3602 41 FT *
*

L3WER AQulFER INLET
INLET PHESSURE = 93038.40 L8/FT. 2

ELEVATION = 2502.41 FT

OuiLET
00iLET P9f SSURE = 62308.80 LR/FTee2

ELEVAIION 1525 89 FT

ELEV A TIONS OF OTHER POINTS
JUNCTIO4 4 ( L EG S 1-2-9 8 = 3434.81 FT

JUNCTION 5 ELEGS 2-3-103 3 3311.31 F T
JUNCTION 5 (LEGS 9-11-13) = 2814.81 FT

JUNCIION 7 ELEGS 10-12-138 y 2814.81 FT .

Ju1CTION s (LEGS 5-6-11) = 2314.81 FT
JUNCTION 9 (LEGS 6-7-123 = 2211.31 FT
JUNCil0N10 (LEGS 3-4-143 = 2819.67 FT
JUNCTIONil (LEGS 7-8-14) = 1719e6F FT

JUNCT10412 (LEGS 8-158 = 425.89 FT

LEG PROPERIIES
.

.

LEG 1 LENGTH = 1.450 04 FT
..e...es AaEA = s.coEso6 rT. 2 Table 4-SP. (cont'd) B se Case Output

.

9
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RCCW DENSIIT = le19E*02 LD/FTee3
F Lt 10 DENSlif = 6e23Ee01 LB/Fiee3 ,

Flufti VISCOSITY = 1+00E*00 CP

LEE PROPERilES .

LEG 2 LENGTH = 8.00E+03 FT
,

**e+=ese AREA = 6 00E+06 FT*+2
CONDUCTIVITF = 1.83E*04 FT/TR

POROSIIT = .3000
ROCK DEN $lif = 1.19E +0 2 L B /F Te e3

i FLUID DENSITY = 6.23E+01 LB/FTee3
FLUID VISCOSITY = 1.00E+00 CP ,

.

LEG PROPER TIE S

LEG 3 LENGTH = 3.80C+04 FTeeeeeeen AREA = 6.00E+06 FTee2
CONDUCTIVITY = 1.83E+04 FT/TR

PORDSITT = .3000'
ROCK OENSITY = 1.19E + 0 2 L8 /F T e e3

FLUID DENSITT = 6.23E+01 LB/FTee3
FLUID VISCOSlif = 1.00E+00 CPI

LEG PROPERTIES
i LEG 4 LENGTH = l e00E+05 FTee.eeeee AREA = 6.00E+06 FTe e2L CONDUCTIVITY = 1.83E*04 FT/TR( 2 POROSITT = .3000*

ROCK DENSITY = 1 19E+02 LB/FTe e3
FLUID DENSITY = 6.23E+01 LB/FTee3

FLUID VISCOSITY = 1.00E+00 CP

LEG PROPERTIES4

LEG 5 LENGTH = 1.45C+04 FT
| eeeeeeen AREA = 1 80C+06 FT*e2

4
,

' CONDUCTIVITT = 1.46E+04 FT/TR =
,

POROSITY = .3000
ROCK DENSITY = 1 19E +02 LB /FT**3i FLUID DENSITY = 6.23E*01 L8/FTee3

FLUID VISCOSITY = 1.00E+00 CP
4

LEG PROPERilfS

LEG 6 LENGTH = 8.00E*03 FT*

( eeneeeen AREA = 1.80E+06 FT*e2* , C010UCTIV11Y = 1.4 6E + 04 F T/YR
POROS!IY = .3000

,

t
ROCK OENSITY = 1 19E +0 2 LB/FTe e3

FLUID DENSITT = 6.23E*01 LE/FT**3
FLUID VISCOSITY = 1.00E*00 CP

LEG PROPERTIES

LEG T LENGTH = 3.80E+04 FT
eneeeeen AREA = 1 80E+06 FTee2

CONDUCTIVITY = 1. 4 6E +04 F T/YR
POROSITY = .3000 .

ROCK OENSITY = 1.19E + 0 2 L 8'/F T* * 3

rLUIo*ISE"*!*Y I.0C Table 4-SP (cont'd) Base Case Output
* ' ' ' ' ' ' " ' *

= C
-

.

..

. + # 4

e

4



_ _ _ _ _ _ _ _ - _ _ - _ - - _ - - - - - - - - - - - - - - - - - - - - - ---

. -. . . - -

LEG S LEbGlH = 1 00E*05 FT
eseeseee AREA 3 1.80E*06 Fies2* . * *

'*
CONDUCTIVITT = le96Ce09 FT/TR ,

POROSITT = .3000
s

ROCK OENSITY = 1 19E+ 0 2 L B /Fie e3
FLUID DENSITY = 6.2 3E.01 LB/FT e e3

FLUID VISCOSITT = 1.00E+00 CP
*

LEG PROPERTIES

LEG 9 LENGTH = 6.000-02 FT
eseeeees AREA = 1.00E+00 FTee2

CON 3UCTIVITY = 5.9st-09 FT/YR ,

POR051TT = .0300 ,
t ROCK OEN5fif = 1.6 5C +0 2 LB /F Te e 3

FLUID DENSITY = T.90E+01 LB/FTe*3
FLUID VISCOSITT = 1 43E+00 CP

e *

LEG PROPERT1ES

L EG 10 LENGTH = 9.9fE+02 FT
.

.eeeeeee AREA = 1.00E+00 FTee2
CONDUCTIVITf = 6 10E-09 FT/fR

POROSITY = .0300
ROCK OENSITY = 1.65E * 0 2 LS /F T e e3

FLUID DENSITY = T.9 0E + 01 LB /Fie e3( FLulo VISCOSITY = 1.93E+00 CP.

LEG PROPERTIES
I'

$
p LEG 11 LENGTH = 5.00C+02 FT

e.eeeeee AREA = 1.00C+co FTe*2
CONDUCTIVITY = 6.10E-09 FT/YR ,

PORDSlif = .0300
ROCN DENSlif = 1.65E + 0 2 LH /F Te *3

FLUID DENSITf = T.9 0E +0! LB/FT* *3
FLUID VISCOSITY = 1.43E+00 CP

*
i LEG PROPERTIES *

,
.

L E G 12 LENGTH = 6.0 9E *02 F T
........ AREA = 1.00E+00 FTee2

CON 00CIIVITY = 5 98E-09 FT/TR
POROSITY = .0300

ROCK DENSITY = 1.6 5E +0 2 LB/FTe *3
FLUID DENSIIT = T.9 0E + 01 LB /F T e * 3

FLUID VISCOSITY = 1.93E+00 CP
.

LEG PROPERTIES

I LEG 13 LENGTH = 8 00E *03 FT
e... een AREA = 1.00E+00 FTee2

CONOUCTIVITY = 3.65E-03 F T/TR
POROSITY = 40300

NOCK OENSITY = 1.65C + 0 2 L B/Fre * 3
FLUID DENSITY = T.90E+ 01 L8/Fie eJ

FLUID VISCOS11Y = 1.93E+00 CP
i

LEG PROPERTIES
.

L EG 19 LENGTH = 1.10E+03 Ft
eeseeene AREA = 1.00E+00 FTee2

CONOUCTIVITY = 5.T3C-09 FT/YR
POROSITY = .0300 Table 4-SP. (cont'd) Base Case Output '

.

%
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FLUID DENSIIT = T.90E*01 LD/FT**3
_ ., x _ . . . . ,1 a _ .. - ' - -

i
-

_

FLUID VISCOSITT = 1+43E*80 CP
. *

LEG P30PERTIES

, LEG 15 LENGTH = 1.10E+03 FT
*eae**** AREA = 1.20E+08 FT**2

CONDUCTIVITT = 9.13E +0 2 F T/TR
POROSITT = .3000

ROCK DENSITY = 1.19 E * 0 2 L 8 /F T * * 3
FLUID DENSITY = 6.23E+01 L8/FT**3

FLUID VISCOSITY = 1.00E+00 CP

DISTRIBUTION COEFFICIENTS BT LEG AND BY ISOTOPEf
.NP23F U233 TH229

LEG 13 6. O. O. ,

1 LEGil 0. O. O.
LEG 6 9. O. O.
LEG F 0. O. O.

'8 (EG S 0. O. O.
LEG 15 O. O. O.

4tET4404 TION FACTORS BT LEG AND 87 ISOTOPE

t NP237 U233 TH229
nEG13 .10000E+01 .10000E*01 .10000E+01
kEGL1 .10000E+01 .10000E*01 .10000E*01() 1. t.E G 6 .10000E.01 .10000E*01 .10000E*01

@ LEG 7 .10000E+01 .10000E+01 .10000E+03s '

* * LEG B .10000E+01 .10000E+01 .10000E*01 i

1EG15 .10000E+01 .10000E+01 10000E*01

PRES 5URES AT THC LEG JUNCTIONS
i

AT JUNCTION 1= 6.2309E+04 LB/FT**2
AT JUNCTION 2* 9 3038E+04 LD/FT**2 ,,

4 AT JUNCTION 3= 6.2309E+04 LD/FT**2 *AT JUNCTION 4 = 6.2309C+04 LD/FT**2
AT JONCTION 5= 6 2309E+04 LB/FT**2i, + AT JUNCTION 6= 7.9704E+04 LD/FT**2,

AT JUNCTION 7= 7.976 7E+ 0 4 L8/FT**2
.

AT JUNCTION 8= 9.6469E+04 LD/FT**2( AT JUNCTION 9= 9.8362E+04 L8/FT**2
AT JUNCTION 10 = 6 2309E+04 LB/FT.*2 *

*

*

AT JUNCTION 11 = 1.0735C+05 LD/FT**2(. AT JUNCTION 12 = 1.3101E+05 L8/FT**2

(
. *

LEG NO. FLOU VOL. DARCT VEL. PORE VEL.
(CU FT)/DAT FT/DAT FT/0AT*

, 1 3.88E+06 6.47E*01 2.16E+00 #

2 3.88E+06 6 4FE-01 2 16E+00
3 3.88E+06 6.4TE-01 2.16E+00
4 3.88E+06 6.47E-01 2.16E+00
5 6.58E+05 3.66E-01 1.22E+00
6 6.56E+05 3.66E-01 , 1 22E+00 ,

7 6.58E+05 3.66E-01 1 22E+00-
8 6.58C+05 3.66E-01 1.22E+00.
9 -7.59E-07 -7.59E-07 -2.53E-0510 -7 290-07 -7.29E-07 -2 43C-05 Table 4-SP. (cont'd) . Base Case Output i

. . . ' '

*
.



. . _ . . . _ . _ . - .. - - - - _ _ , . ._m . .- .__m_..._.. - - + . . . . . . w . . .w. . , ._ :... . ..- .a_ _._ . . . ;... a_ . . . , , . . - . _ . ,
. . . . . m..._ . . . ,. . _ _ _ . . ,. . . . - . s -

.w... ~..;

.

. e 8 *
,

2 e 11 -7.60C-07 -7.60E-b7 -2.53C-0512 -7.28C-DF -7.28C-07 -2.93C-05 g
13 -8.80C-10 -8.80C-10 -2.93C-05 \'- -19 -5.83C-0F -5 83C-07 -1.94C-05 * -

15 6.58C+05 5.geC-03 1.83C-02 -

4

TOTAL PATH LENGIH (Fil a 1.5160C+05 .
*

7 FROM DEPOSITORY MIDPT IFil = 1.5160C+05
AVERAGC FLU!D VELOCIff (FT/f3 a 9.0570C-04.i

idIP IS RCDOCED TO 1 SI4CC O!SCHARGC CQUALS 0 THROUGH,TCAR 1.0000000C+061

-
s

Table 4-SP. (cont'd) Base Case Output
>
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j
i Sample Problem 2: DVM and Analytical Model Options

,

s

i
I Problem 2 is designed to demonstrate the use of boih the
'i
' DVM and analytic model options, the use of recurrent data sets, and

the ability of DVM to reproduce the analytic model output.u ,

j Leach-limited source terms and eg,ual distribution coefficients are
,

:1 *

.j used as they are required by the analytic model.
1

A U-Tube breachment senario is simulated. Leg 9 represents
i
i a 30 ft diameter shaft and leg 10 a 13.5 inch diameter borehole.

Flow occurs down leg 9, across leg 13, and up leg 10. The first

; data set is for execution of the analytic transport model option
i

and the second for the DVM option.

'The first set is the base-case with the following changes.,

4

. BC(l) A different title. .,.
:

SAMPLE PROBLEM NO. 2.

*

.i

BC(2) Set options 1 and 17 to zero
'

.

.

BC(4) Conductivity in leg 9 is .1 ft/ day to represent the shaft

and 10 ft/ day in leg 10 for the borehole. The depository (leg 13)
,

is also assigned 10 ft/ day.

.

2BC(5) The cross-sectional area of leg 9 is set to 707 ft .

that is,

e

-1 08 -



:. :; - .. .. . . .
. . . . . . . .

-

j
-

'*

,

,

i
2

AREA (9) ="if r ,,
.

= 'iY ( 15 ) 2
2707 ft=

2
- Note that the cross-sectional area of leg 10 remains i ft .

:) Leg 13 is used to represent a corridor of cross-sectional area 30,

~l

I ft x 18 ft.
*;

l *

9

] BC(8) Porosity of legs 9 and 10 is arbitrarily set to .15. The
:

?j porosity of leg 13 is set to 0.3 which would be reasonable for salt

] backfill in which no compaction has occurred.
i

U

BC(9) The brine concentration of leg 9 is determined by assuming

l that fresh water enters from the upper sandstone. Furthermore, the

water is assumed to remain fresh through the 200 ft shale layer and

. to become saturated in the salt. Thus the brine concentration,is

f estimated as (length of leg 9 in the salt layer)/(total length of

leg 9) = 400/600 = 0.67. Legs 10 and 13 are assumed to contain-
,

;i

saturated brine.
,
J

':
.,

a

i BC(10) The migration path now follows the 4 legs
*

,

i-
'-

13, 10, 3, 4.

,

.

-109-
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..

.

'

BC(13) The upper aquifer legs 3 and 4, which are-the 3rd and 4th .,

legs in the migration path, are arbitrarily assigned the KD value,,

3
! 1.6 ft /lb for each isotope. Because of the salt in leg 13 and

: the presence of brine in both legs 10 and 13, no sorption is
|

| assumed for these legs.
,

i
j The second data set contains only the following 3 cards.

,

'l -

. The INP CARD (1711)
!

! A value of 1 is placed in columns 1 and 15 while the

f remaining columns are left blank. This signifies that the option
i

. card BC(2) and the DVM control card BC(15) are to be read.
]
:

i

BC(2) The option card has 3 changes. Ones are emplaced in

columns 6 and 7 to delete repetitive printout and a zero is put in

column 13 to indicate that the DVM option,is to be used.
,

4

BC(15) Use a blank for the DVM control card..
.

:
'

'

8C(18) This card must be present at the end of each data set.. A

blank may be used here. ~

.

BC(18) This card must be present at the end of each data set. A
'

blank may be used here.

.

V

-110-
.
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;j Figure 5-SP displays the' discharge rate curve for each
.,

i '.

isotope. The agreement of DVM to the analytic solution isi,

'] excellent. Input data are given in Table 5-SP, with output ini
,!-

': Table 6-SP.-

.s
f *

t
.<
: .

.

.

i:i:
'l

$
1

.)

q .

9

.

4 '

1 ,

:| -
,

,.

.

.

.

|
-

.

0

4

0 -

, M:

|

|
t

|
i

l

|

I

|

|

1-
.

k

-111-

.. - . . - . . - . - . ---- .. . _ _ _ _ _



10~4 1 1 10~4 I I
''

ANALYTIC ANALYTIC.-.,

o DVM . DVMm m>, >,
e e
s NP237 -: : .5 U233 - 0-

'
'

3 8
W W
:- |-

$10-5
'

$ 10-5 _ -
- -

. .uJ W.

O O
.

. x x'

< << -
'

I I -

0 0
CD CD.

Q ,o

,

10-6 I i 10-6 I I

O 1 2 3 0 1 2

5 5YEARS (x 10 ) YEARS (x 10 )

10-4 i i

ANALYTIC
e DVM^

>,
.m

u
.1 TH229 =^
O-
v

.

W -

I-

$10-5 - -

.f < > -

O
C
<
I
O
$
o s

10-6 i i

0
1 2 3

Figure 5-SP. Discharge Rate Curve
for Each Isotope
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Table 5-SP. Sample Problem 2 Input Data
.: *

.

t

1

.

4

?

SAMPLC PA08LEM NO. 2 BC 11.
BC 2, 432.70 646.10 432 70 BC 3: 50.0 50.0 50 0 50.0 40.0 40.0 40.0 40.0 BC .4

1 10. 1 67E-6 1 5E-6 10. 1.57C-6 2.5 BC '4/ 6.E6 6.E6 6.C6 6.E6 1 8E6 1.8E6 1 8E6 1.8E6 BC 5' * 707. 1.0 1. 1.0 540. 1. 1.2E8 BC 5'

14500. 8000. 38000. 100000. 14500. 8000. 39000. 100000 BC 6600. 496.5 500. 603.5 8000. 1100. 1100. BC 63602.41 2502.41 1525 89 3414.81 3311.31 2814.81 2814.81 2314 81 BC 72211.31 2819.67 1719.67 425.89 BC 7.3 .3 .3 .3 .3 3 .3 .3 BC 8.15 .15 .03 .03 .3 .03 .3 BC 8c. O. O. D. O. O. D. c. 8C 9j .67 1. 1. 1. 1. 1. O. BC 94 4 13 10 3 4 BC 103
BC 12237. NP237 1 0 2.14E6 1.E3 BC 12233. U233 2 1 1.62C5 1.E3 BC 12

1 1. BC 12229. TH229 3 1 7. 3E 3 1.C3 BC 122 1. BC 12'

1.6 16 BC 13
16 1.6 BC 13
1.6 1.6 BC 131.E5 500. BC 14

BC 181 1
BC 011
BC 2
BC 15.

BC 18

.

e

4

,, - ee e une

|

9

I

!

-113-
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1

m

f

(

e,

.

e

, -
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.

.
,

SAMPLE PROBLEM N3. 2

.

f OPT I38 5 les 2,0 3,0 4.0 5,0 6,0 7,0 0,0 9,0 10,0 11,0 12,0 13,1 14,0 15,0 16,0 17,0 10,0~19,0 20,0 21,0 22,0 23,0
NU18E R OF I SO TOPES 3

4

I ed ISO TOPE N AME HALF LIFE (TEARS) INITI AL AMOUNT (CI)J 4
i

; NP237 2 140E+06 1.000E+03 -

; U233 1.620E+05 1.000E*034 TH229 7 300E+03 1 000E+03s

j LEACH TIME = 1.000E+05 YEARS DISPERSIVITY = 5.000E+02 FEET '

,

NO OF VECTORS = 0 TIME UPPER BOUND = 1.00E+0E
..

Table 6-SP Sample Problem 2 Output

:

'.

e :(

.,

* e ,

! ,

,

1

g 4

4

e
e

$



., ......... .-- ..- .u -.-...4....o..'*...#.'..e..*..s" ''" ~ ~ ' ' ^^ ''~

eeeee.e.eee
e e .e.~.ee.e . . *e.eeee.ee .eeeee.ee ,. UPPER e e e eeeeeeeeee e seeeeeeeeeo e e e o ee AQUIFER .---. LEG 1

e - -- ----- -------- e L E G 2 e ---- --- - -- -- - - --- -- - e L E G 3 e --- --------- e L E G %. e INLET e e e ----- -- - -- - --- - . O U T L E T .e - . . . . . . . .. . ....ee.e. . . . e......... - .................... -
-

. ......... - ..........
,

- ,

t -
-......... -..........
-

. . -
. . -

. LEG 9 . -

. LEG 10 . -
. . -

. . -......... .

.......... -
--

-(
- .......... --

- ee....e... ..........
i ,

---------. LEG 13 .-------

- . . - . . . .
(

- . . -
LEG Ig ..

. LEG 15 *
. . . .- .......... . .......... ..........-

-
-.......... -.........e -. . -

. . -
. LEG 11 . LEG 12

-
*

-e . -
. . -..e..e.... -
..........

-
-

-

........... - _- _- -

. . e........ - ......... . .........
_

LOWER. . . . - . e -
- ......... -

. AQUIFER *---. LEG 5 .----------------. LEG 6 .--------------------. LEG 7 e------------. LEG 8 .--------

. . . . . -

INLET. . . . . .
L . . ......... . . . e. . . . . . . . . -- ........... ......... .........", .

i

------RADIONUCL1DE MIGRATION PATH------LEGS 13 10 3 4

USPER AQUIFER INLET*

INLET PRESSURE = 62308.8G LB/FT. 2 .

ELEVATION = 3602.41 FT *

i
L3WER AQUIFER INLET

INLET PRESSURE = 93038.40 LD/FT. 2
,

ELEVATION = 2502 41 FT

OUTLET
DUILET PRESSURE = 62308.80 LD/F T. 2(* ELEVATION = 1525 89 FT

(" ' ELEVATIONS OF OTHEA POINTS
.

*

JUNCTION 4 (LEG S 1-2-9 3 = 3414 81 FT
JUNCTION 5 (LEGS 2-3-103 = '3311.31 FT

JUNCTION 6 (LEGS 9-11-133 = 2819.81 FT
JUNCTION 7 ( L EG S 10-12-13 8 "= 2814 81 FT', JUNCTION 8 (LEGS 5-6-11) = 2314 81 FT

JUNCTION 9 (LEGS 6-T-12) = 2211.31 FT
JUNCTION 10 (LEGS 3-4-143 = 2819.67 FT
JUNCTION 11 ELEGS 7-8-148 = 1719 67 F T

JUNCT10N12 (LEGS 8-15) = 4 25.8 9 F T
.

.

LEG PROPERTIES

tEG 1 ttNGiu = 1 45E.cs F1 Table 6-SP (cont'd) Sample Problem 2 Output........ . ARCA = 6 00C+06 FT. 2
.

|

*

*
L



1
. . . . . . . . . . . . . _ _ . . - . . . . -- - ~ ~ ~ - " - - * - ~ - ' ~ ~~ ' ' ' * '" '

PORUSITT = .3000
ROCA DEN 11TT a 1 19E+0 2 L8/ Fine 3

FLUID DENSITY = 6.23Ee01 L8/FTee3 .
4 FLUID VISCOSITT = 1.00E*00 CP

LEG PROPERTIES,

LEG 2 LENGTH = 8. ODE +03 FT '

eeeeeees AREA = 6.0 0E+0 6 F T e *2 '
* C040UCTIVITY = 1.83E+04 FT/TR

PORDSITY = .3000,

ROCK OENSITY = 1.19E +0 2 L 8 /FT * e3*

FLUID DENSITY = 6 23E+01 L8/FTe e3
FLUID VISCOSITY = 1 00E+00 CP

78
LES PROPERTIES

4 LEG 3 LENGTH = 3.80E+04 FT .
s eeeeeee. AREA *= 6 00E*06 FTee2

CONDUCTIVITT = 1.C3E+04 FT/YR
PORDSITY = .3000

i
ROCK OENSITV = 1.19E+0 2 L8 /FTe e3

FLUID DENSITY 6 23E+01 L8/Fiee3=

t, FLUID VISCOSITT = 1.00E+00 CP

LEG PROPERTIES

C LEG 4 LENGTH = 1 00E+05 FT'

. eeeeeeen AREA = 6.00E+06 FTo.22' CONDUCTIVITY = 1.83E+04 FT/TRi { i' PORDSITT = .3000
ROCK OENSITY = 1 19E +0 2 L8/FTe e3

FLUID DENSITT = 6.23Ee01 LB/Fie*3'

FLUID VISCOSITY = 1.00[+00 CP

LEG PROPERTIES .

.

LEG 5 LENGTH = 1.45E+04 FT
.......e AREA = 1.80E+06 FTee2i .

CONOUCTIVITY = 1 96E+04 FT/YR .

PORDSITY = .3000
.

ROCK OENSITY = 1 19E+0 2 L8/FT**3
t FLUID DENSITY = 6.23E*01 LB/FT * *3

FLUID VISCOSITY = 1 00E*00 CP.

LEG PROPERTIES

LEG G LENGTH = 8.00E+03 FTt3 ..see. . AREA = 1.80E+06 FTe+2
CONDUCTIVITY = 1.46E+04 FT/TR

POROSITY = .3000
*

t
ROCK DENSITY = 1 19E+02 LB/FT**3

FLUID DEhSITY = 6 23E +01 L8 /FT * *3
FLUID VISCOSITY = 1.00E+00 CP

*
. .

, LEG PROPERTIES

LEG T LENGTH = 3.80E+04 FT
~

eeeeeee. AREA.= 1.80E*06 FTee2
CON 00CTIVITY = 1.46E+04 FT/YR

POROSITY = .3000 .
,

ROCK OENSITT = 1 19E +0 2 L8/FT* *3
FLUID 0ENSITY = 6 23E+01 LB/FT**3

Table 6-SP. (cont'd) Sample Problem 2 Output,tU , .

-

9 e . e

e
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_ _ _ _ _ _ . _ _ . . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _. , _ ,
_

LEG S LENGTH a 1+00Ee05 FTeesseeee e AREA == 1 80E*06 FT*e2 . .
,

CONDUCTIVITY = 1 41E*04 FT/TR
PORDSITY = +3000

ROCK DENSITf = 1 19E +0 2 LB/FT e +3
.

FLUID DENSITY = 6.23E+01 L8/FT**3
FLUID VISCOSITY = 1.00C+00 CP

4
LEG PROPERTIES

LEG 9 LENGTH = 6.00E+02 FT
4 .e.ee... AEEA = T.0TC+02 FTee2

CONDUCTIVITY = 3.65E+01 F T/YR
FORDSITT = .1500( ROCK DENSITY = 1. 4 5E * 0 2 L 8 /FT + + 3

FLUID DENSITY = T.02E+01 L8/Fia*3
FLUID VISCOSITY = 1.2TC+00 CP

4' .

LEG PROPERTIES

L EG 10 LENGTH = 4 9TC+02 FT
.

******** AREA = 1.00E+00 FT**2
CONDUCTIVITY = 3 65E+03 FT/YR

POROSITY = .1500
ROCK DENSITY = 1. 4 5E +0 2 LB /FT* +3

FLUID DENSITY = T.40E+01 LB/FTee3i FLUID VISCOSITY = 1. 4 3E + 0 0 CP

LEG PROPERTIES( L.
~L LEG 11 LENGTH = 5.00E+02 FT* eeeeeees AREA = 1 00E+00 FT**2

C0%DUCTIVITY = 6.10E-09 FT/TR
POROSITY = .0300

ROCK DENSITT = 1.G5E +0 2 LB/F T 3t FLUID DENSITY = T.40E+01 LB/FT**3'

FLUID VISCOSITT = 1.43E*00 CP
# ;.

LEG PROPERTIES
*

.

LEG 12 LENGTH = 6.04E+42 FT t
seeeeeen AREA = 1.00E+00 FT*e2 ,

CONDUCTIVITY = 5.48E-04 FT/YR ,

POROSITY = .0300
ROCK DENSITY = 1.65E +0 2 LD/FTe +3

FLUID DENSITT = T.40E+01 LB/ Fine 3 -

FLUID VISCOSITY = 1.43E+00 CP'
t, *

g LEG PROPERTIES -

. *
t L EG 13 LENGTH = 8.00E+03 FT

eneseeen AREA = 5.40E*02 FT**2
CONOUCTIVITY = 3.65E*03 FT/YR

POROSITY = ."3000
ROCK DENSTTY = 1.19E +0 2 L8 /F T * *3

FLUID DENSITT = 7.40E+01 LB/FT. 3
FLUID VISCOSITY = 1 43E+00 CP

LEG PROPERTIES *

.

LEG 14 LENGTH = 1 10E+03 FT
.*e..... AREA = 1 00E+00 FT*e2

' ' '

?.030 Table 6-SP. ( c o n,t ' d ) Sample Problenn 2 Output
' "

PO OSITY =

.

&

4



FLUID DENSITY = 7.40CeDi'LD/FTee3'
~ ~~ ~ ^ ~~ ~" ~ ~ ' ' ' ' "

FLUID VISCOSITV a 1.4 3Ce0 0 CP
.,'

LES PACPERTIES

L EG 15 LENGTH = 1.1LE+03 FT .
'

es....ee AREA a 1.20E+08 FT+e2
CONDUCTIVITY : 9.13E + 0 2 F T /TR

POROS!!T = .3000'
ROCK DENSITT a 1 19L+0 2 LB/ Fin e3

FLUID DENSlif : 6.23E+01 LB/FT**3
FLUID VISCOStif a 1.00E+00 CP.

i

DIST418UT10N CDEFFICIENTS By LEG AND BY !$0 TOPE 4;

*

NP237 U233 TH229
LEG 11 0. O. O. .* LEGIO 0. C. O.
LEG 1 .16000E+01 .16000E+01 .16000E+01LEG 4 .36000E+01 .16000E+01 .16000E+01(

RETARDATION FACIORS 87 LEG AND BY ISOTOPE
6

NP23F U233 TH229
1EG13 .10000E+01 .10000E*01 .10000E*01( L LEGIO .13000E+01 .10000E*01 .10000E+01g LEG 3 .63567E+03 .63567E+03 .63567E+03' LEG 4 .63567E+03 .63567E+03 .63567E*03(1

LEG NO. FLOW VOL. DARCY VEL. PORE VEL.4 (Cu Fil/ DAY FT/ DAY FT/0AY
1 3.88E+06 6.47E-01 2 16E+00

'

2 3.BBE+06 6.47E-01 2 16E*00
,

3 3.88E+06 6.47E-01 2.16E+00
4 3.88E+06 6.47E-01 2.16E*005 6.5BC+05 3.66E-01 1.22E+0C

,

6 6.5 8E + 0 5 3.66E-01 1 22E*00
*

'

7 6.58E+05 3.66E-01 1.22E+00' 8 6.5BE*05 3.66E-01 1 22E+00*

9 -1.02E*00 -1.45E-03 -9 65E-03j 10 1 02E+00 1.02E+00 6.82E+00a 11 -1.66E-06 -1.66E-06 -5 54E-0512 -1.39E-06 -1 39E-06 -4 64E-051 13 1.02E+00 1 89E-03 6 32C-03( 14 -5.83E-07 -5.83E-07 -1.94E-05,

15 6.58E+05 5.48E-03 1.83E-02
i TOT AL PATH LENG TH (FTl : 1.4250E+05 s

FROM DEPOSITORY MIDPT IFTl a 1.4250E+05
AWERAGE FLUID VELOCliY ( F T / y1,a 7.4586E+01

.

Table 6-SP. (cont'd) -Sample Problem 2 Output
-

.
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TEA 4 RP23F _ - -_
,. . ''- - --~; d' i a: - ~~- ""

U233 7H229
. . . - -. -

F5263 .15352C-10 .15675E-10 .156sSE-10
76542. .31096E-10 .?!758E-17 .31784E-10 . ,

,,77021. .61256E-10 .62573E-10 .52625E-10
7F901. .11747E-09 .12002E-09 .12 012 C-0 9
78F80. .21999E-09 .22430E-09 .22450E-09 .

79659. .39998E-09 .40883E-09 .409190-09
80538. .F1145E-09 .72734E-09 .72798C-09
81418. .12362E-08 .12641E-08 .12652C-08
8229F. .21000E-08 .21478C-06 .214970-08
831F6. .34904E-06 .35705E-08 .35 7 38 E- 0 8
84056. .56800E-08 .58116E-08 .58169E-08
84935. .90563E-08 .92679E-08 .92764E-08
85S14. .1415FE-07 .19991E-07 .14509C-07
86693. .21712E-07 .22228E-07 .22249E-07 ',
8 F5 F3. .32688E-OF .33972E-0F .33504E-07
88452. .48341E-OF .49510E-OF .99557E-DF
89331. .70262E-07 .71975E-07 .72044E-07 * ,' 90211. .30043E-06 .30290E-06 .30303C-06
91090. .14124E-06 .144F4E-06 .19488E-06
91969. .19353E-06 .20042E-06 .20062E-06
92848. .26663E-06 .2F334E-06 .2F362C-0693728. .358270-06 .36736C-06 .36773E-06
94607. .47962E-06 .986TSE-06 .48725E-0695486. . 6 2 016E -0 6 .63bl9E-06 .63679E-06.

96366. .F9963C-06 .82039E-06 .82124E-0697245. .10179E-05 .10445E-05 .10456E-05
( 98124 .12796E-05 .13133E-05 .13147E-0599304. .15895E-05 .1631FE-05 .16 3 3 4 E- 05*

99383. .19516E-05 .20038E-05 .20059E-05
1 1, 200762. .23695E-05 2 4 3 32 E- 05 .24359C-05i g 1016 91. .28458E-05 .29230E-05 .29262E-05

8 102521. .33824E-05 .34748E-05 .34786E-05,

103400. .39T99E-05 .40893E-05 .4 0 9 39E-05
109279. .463F8E-05 .9F66tE-05 .97714L-05
105159. .53541E-05 .55032E-05 .55094E-05

.

t 106038. .61251E-05 .62975E-05 .63096E-05'

106917. .694G2E-05 . 714 4 4 E- 05 .71526E-05
10FF96. .F8161E-05 .80383E-05 .80475E-05( 1086F6. 87227E-05 .89723C-05 .89827E-05

,

.

109555. .96607E-05 .99389E-05 99504E-05
*

a 110434. .10622E-04 .10933E-04 .10942E-04
111314. .!!598E-04 .11936E-04 18950E-04
112493. .12579E-04 .32948E-04 .12964E-04
113072. .13558C-04 .13959C-04 .13975E-04113951. .145265-04 .14958C-04 19976E-04
114933. .154F5E-04 .1593FE-09 .15957E-94
115F10. .16397C-04 .36890E-04 .16911E-09

* 186589. .17286E-04 .17809E-04 17 8 3 t E- 0 9117469. .18137E-09 .38689E-0* 18712E-09
118348. .18945E-04 .19523E-04 .19 5 4 9C- 01' 11922F. .19F06E-04 .20313E-04 . 2 0 3 3 8 E'- 0 9
120107. .20417E-04 .21050E-04 .21076E-09120986. .21078E-04 .21734E-04 . 217 6.*E-0 4
121965. .21687E-04 .22366E-04 .2'23*5E-04 .

122744. .22244E-04 .22945E-04 22979E-04
123624. .22750E-04 .23471E-04 .23501E-04
124503. .23207E-04 .23996E-04 .23978E-04
125382. .23617C-09 .243T3E-09 .29905E-09126262. .23982E-04 .24754E-04 .24787E-09127141. .24305E-04 .25092E-04 .25125E-04, Table 6-SP (contad) Sample Probleur 2 Output
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YEAR NP23I U233 1H229
. _ _ _ . . : ._ a . . v-'nu .6 --*-a*---** ' "' i'- ~ ~ - ~

.
.

128020. .24539E-04 .25329E-04 .25423C-04
12b8t$. .24837E-04 .25649E-04 .25684E-04 ,

,

129779. .25 052C -0 4 .25876E-C4 .25911E-04
130658. .25238E-04 .25072C-04 .2 610 7E-0 4
131537. .25396E-04 26240E-04 .26276E-04

s

132417. .2553tE-04 .26384E-04 .26420E-04
133296. 25645E-04 .26506E-04 .26542C-04
134175. .25741E-04 26609E-04 .26646E-04
135054. 25820E-04 26695E-04 .26732E-04
135934. .25886C-04 .26767E-04 .26805C-04
136613. .25939E-04 .26827E-04 .26865E-04
137692. .25982E-04 26876E-04 .26914E-04
138572. . 2 6 017E -0 4 .26916E-04 .26954E-04 ,139451. .26 04 4 E -0 4 .26948E-04 .26986E-04 ,

190330. .26064E-04 .26974E-04 .27012C-04
191209. .26080E-04 .26994E-04 .27 0 33E-04
142089. .26091E-04 .27010E-04 .27049E-04 ,* 192968. .2 6 09 9E -0 4 27022E-04 .27062C-04
143947. .26104E-04 .2703tE-04 .27071E-04
194f27. .26106E-04 .2 7 0 38 E-04 .2 7 0 78E-0 4

( 145606. 26101E-04 .2 7 04 3E-04 .27082E-04
146485. .26105E-04 .27045E-04 .27086E-04
147365. . 2 610 3E - 0 4 .2704FC-04 .27087C-04

e. 148244. . 2 6 099E -0 4 .27047E-04 .27088E-04
199123. .2 6 09 5E -0 4 .2704FE-04 .27088E-04
150302. .26090E-04 .27046E-04 .27087E-04,(s 150982. .260840-04 .27044E-04 .?F085E-04

-

! L 151761 .26 078E-0 4 .27042E-04 .27083E-04
2 152640. .2 6 0 72E -0 4 .27040E-04 .270810-04* * 153520. .26065E-04 .2703FE-04 .27019E-04 ;

154399. .26059E-04 .27034E-04 .27076E-04155278. .26052E-04 .27031E-04 .27073E-04156857. .2 6 04 5E -0 4 .27028E-04 .27070E-04
157037. .26038E-04 .27024E-04 .27067C-04 9157916. .26030E-04 .2702tE-04 .2F063C-04158195. .26023C-04 .27017E-04 .27060E-04

*

159575. . 2 6 016E -0 4 .27014E-04 .27056E-04,

160554. .26009E-04 .27010E-04 .27053E-04
i 161433. . 2 6 0 01 E -0 4 .27006E-04 .27049E-04 .162312. .25994E-04 .27002E-04 .27046E-04 *

163192. .25987E-04 .26999E-04 .27042E-04
L 464071. .25979E-04 .26995E-04 .27039E-04 g,

164750. .25972E-04 .26991E-04 .27035C-04
165830. .25964E-04 .26987E-04 .2 F 0 31 E-0 4 '

8 166709. .25957E-04 .26983E-04 .27028E-04
167588. .25950E-04 .26980E-04 .27024E-04
168468. .25942E-04 .26976E-04 .27020E-04

4 169347. .25935E;04 .26972E-04 .270lTC-04
170226. .25928E-04 .26968E-04 .27013E-04 t

171105. .25920E-04 .26964E-04 .27009E-04
4 171985. .25913E-04 .26960E-04 .27005E-04

*

172564 .25905E-04 .26956E-04 .27002E-04
173F43. .25898E-04 .26952[-04 .26998E-04 '

174623. .25891E-04 .26948E-04 .26994E-04 i175502. .25883C-04 .26944E-04 .269?CE-04
~

176381. .25876E-04 .26940E-04 .26986E-04
1T7260. .25868E-04 .26936E-04 .26982C-04
178140. .25861E-04 .26932E-04 .26978E-04
179019. .25854E-04 .26928E-04 .26974E-04
i19898. .25846E-04 .26924E-04 .26970E-04, Table 6-SP. (cont'd) Sample Prob 1em 2 0utput

. .
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_ _ _ _ _ _ - - _ . _ - _ - - _ - - - - _ - - - - - - - - - - - ---;-;------. . . . - ---- : _ -Q .s. - - - J. A -~ -" ~ " ' " ~ ' " " "TIAt EP237 U233 TH229
IS07 F8. .25838E-04 .25919E-04 .2695EE-0418155F. . 25 8 30E- 0 4 .76915E-s4 .26962E-04 . *

182536. .25822E-04 .25909E-04 .26957E-04
~

183415. .25813E-04 .26904E-04 .26951[-04
184295. .23803E-04 .2689FE-04 .26945C-04 .

185t74 .25792E-04 .26889E-04 .2 6 9 3 7C- 0 4
186053. .25780E-04 .26879E-04 .26927E-04
186)33. .25F64E-04 .26867E-04 .26915E-09' 187912. .25745E-04 .26850E-04 .26898E-04188611. .25721E-04 .268295-04 .26877E-04189571. .25691E-04 .26800E-04 .26849E-04190450. .25651E-04 .26763C-04 .26818E-04
191329. .25601C-04 .26714E-04 .2 67 6 3C- 0 4
192209. .25537E-04 .26651E-04 .26699C-04 8

'8 193085. .25456E-04 .26570E-04 .26618E-04
,

|'
193967. .25354E-04 .26466E-04 .26515E-04194996. .25227E-04 .26337E-04 .26385E-04( 195F26. .25070E-04 .26177E-04 .26225E-04

.

196605. .24879E-04 .25981E-34 .26028E-04197484. .24650E-04 .25F44E-u4 .25792E-04I 198363. .24377E-04 .25462E-04 .25509E-04199243. .29056E-04 .25130E-04 25177E-04200122. .23694E-04 .24744E-04 .24791E-04
e 201001. .23257E-04 .24301E-04 .24347E-04201881. .22772E-04 .23798E-04 .23843C-04202F60. .22230E-04 .232340-04 23278E-04
e 203639. .21628E-04 .22608E-04 22650E-04204518. .20968E-04 .21921E-04 .21962E-04

. 1. 205398. .20252E-04 .21115E-04 .21215C-04( M 20627F. .19484E-04 .20374E-04 .20413E-04' 207156. .18668E-04 .19523C-04 .19560E-04208036. .17810E-04 .38628E-04 .38663C-04*

208915. .36916E-04 .lT695E-04 37729E-04209194. .35993E-04 .36732E-04 .16764E-04210674. . 3 5 05 t E -0 4 .15748E-04 .35778C-04211553. .14097E-04 .197510-04 .14780E-04212432. .13139E-04 .13750E-04 .13 7 7 7E-0 4
213311 .12186E-04 .12755E-04 .12779E-04214191. .ll246E-04 .11772E-04 .11F95C-04
215070. .30326E-04 .10811E-04 .10832E-04

.

215949. .943440-05 .98781E-05 .98975E-05,

216829 .85757E-05 .89801E-05 .89978E-05217708. .7755FE-05 .81224E-05 .81384E-0521858F. .69F85E-05 .73092E-05 .73237E-05219466. .62473E-05 .65442E-05 .65572E-05
*

220346. .55645E-05 .58295E-05 .58411E-b5221225. .4931JE-05 .5166BC-05 .517FIE-05t. 222104. .43983E-05 .45565E-05 .45656E-05222984. .38151E-05 .39982E-05 .40063E-05
-

223363. .33308E-05 .34910E-05 .34981E-05,

; (* 224F42. .28937E-05 .30332E-05 .30393E-05225521. . 2 5 017E -0 5 .26226E-05 .262F9E-05226501. .21524E-05 .22567E-05 .22613E-05227380. .18 4 30E- 05 .19326E-05 .19365E-05
228259. .35F07E-05 .16472E-05 .16505E-05229139. .13323E-05 .13974E-05 .14002C-05230018. .11250E-05 .11800E-05 .11824E-05230897. .94553C-06 .99189E-06 .99393E-06
231776. .79114E-06 .83002E-06 .83173E-06
232656. 65902E-06 .69148E-06 .69291E-06, Table 6-SP (cont'd) Sample Problem 2 Output

.
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- .

T!A4 kP237
, ,_ ,,,,__,, . . - - ~ - - - -- ~ ' ' ' " ~ ~ ~~ ' * ' ~ ' ^ ~ ' ~ ~ ~ ~ '

U233 TH229
233335 +546550-06 .57354E-06 .5F472C-06239414 .45132[-06 .47355E-06 .47464E-05 .-235294. .37109C-06 .31950E-06 .39030E-06 '

236173. .30384E-05 .31894E-06 .J1961E-06
237052. .247F4E-06 .26008E-06 .26063C-06 *

2 3 F9 32. .20117E-06 .21122E-06 .21166E-06
238911. .162FCE-06 .170840-06 .17120E-06*

2 39 b 9 0. .13106E-06 .13F64E-06 .13793E-06240563. .10516E-06 11045E-06 .11068E-06241449 84C56E-07 .88290E-07 .88477C-07242328. .66929E-07 .70309E-07 .70 4 5 7E-0 7
243207. .53093C-0F .557790-07 .5589FC-07
244087. .419610-0F .44089E-07 .44183E-07
244966. .33043E-07 .34722E-07 .34796E-07

,

I 245845. .25927E-07 .2F24FE-07 .27305E-OF
.

246F24. .20272E-OF .21306E-07 .21352E-07,

247604. .35F95C-07 .16602E-07 .16638E-07 *

8 248483. 12264E-07 .12893E-07 .12921E-07249362. .94911E-08 .99785E-08 .10000E-07250242. .F3206E-08 .76973C-08 .77139C-085 251121. 562F9E-08 .59181E-08 .59309C-08252000. 43127E-08 .45356E-08 .45454E-08
t

OP T I O NS 1,0 2.0 3.0 4e0 5.0 6el 7,1 8e0 9,0 10,0 11,0 12eo 13e0 14,0 15.0 15e0 17e3 18,0 19e0 20,0 21,0 22,0 23.8
a 1, NO OF VECTORS = 0 11ME UPPER BOUNO z 1.00E+060
e THE SPACE STEPee.eeeee.****** DM = 8.00000E+03 FTTHE TIME STEPeeeeeeeee.e.++++ 07 a 1.89646E+04 Y

NO OF SOURCE BLMS.*********** NSB z 1
'

VELOCIIIES AND PR000CT10N FACIORS FOR EACH SUBCHAIN CONSIDERED t

DAUGHIER PARENit$1 AVERAGE VELOCITY DEC AT/ PRODUCTION FACTORIOTI COURANT Wu1BER

.

NP23F (DECAYS.

( .12569E+01 .99388E+00 .3 09& 4E+01.
U233 (DECAYI

*

.12589E+01U233 NP23F 92206E*08 .30964[*11.12589E*01 .58817E-02 .30964!*01
E

TH229 (DECAfD .12589E+01TH229 U233 .16518E+00 .30964Ee01.12589E+014 TH223 U233 NP237 .35716E-01 .30964E+01.12589E+01 .14370E-03 .30964E+81

| (J
,

,

2 Table 6-SP. (cont'd) S-araple Pro'blem 2 Output! (s
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,
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4 n

|. , , ce $1 e e e e e e art J e se
e ce o O O O O O O O O O ee see
e 0 9 B 6 0 0 8 0 0 t B 8

w ha LJ w w w ks u he W Imi LA *
i M *1 N N O N e 81OnP=P1P*P1
t g ai N e P= e1 *= O P= O h ee *= N 0,.

; .N vs P= ee O O O e c O N an on m
3 Mmedhh JdMwdCj ,

eee e o e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e e e e a e e e e e e e e o e e e o
0

i e we na es N N N N se e F1 M wi eI
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( Sample Problems 3A and 38: Effect of Source Length on Output Pulse

d .,

j Problem 3 has two parts which demonstrate the effect of source length
a

] on the output pulse. The U-Tube breachment and the decay chain are those of
il

i problem 2. However, different distribution coefficients are assigned to
'l

! each isotope in the upper aquifer. Also a family of withdrawal wells is.
,

.| assumed to exist 20000 ft down-dip from the depository. They are assumed to
* withdraw 20% of-the aquifer flow. Input is described in terms of changes to

problem 2.,

'i The first data set is used for problem 3A (Table 7-SP).,

,
,

:i
j BC(l) A different title.
I

SAMPLE PROBLEM NO. 3
1:

BC(2) All options are set to zero except option 12.which indicates that

the well card is to be. read.
;! *

BC(ll) Enter 3, 20000., and .2 indicating that the wells are on leg 3,

20000-ft down-dip, and are withdrawing .2 of the aquifer flow.

*

BC(13) The KD's in legs 3 and 4 are defined by

.

3NP237 KD = 10. ft /lb
3U233 KD = 1.6 ft /lb
3TH229 KD = 1.0 ft /lb

.
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BC(15) The extent over which source is spread has a default value .,

.

: of 8000 ft (the length of leg 13). Thus, a blank card here-

suffices for 3A.
3

!
'

d BC(18) Set TUB = 3.5 x 10 y,5
,.

,

i
; The second data set is problem 3B (Table 7-SP). .

' The INP card has ones in colunns 1 and 15 so that the options card'*

; and the DVM control card are reread.

:

i BC(2) Set options 6 and 7 to 1 to suppress some duplicated -

output.

i

.' i

BC(15) Set the source length, DEPLEN, equal to 2000 ft.

'

5 -

BC(18) Set TUB = 3.5 x 10 y,
. ,

Figures 6-SP and 7-SP display discharge rates versus time for

problems 3A and 38. Also included are results obtained by using .

., -

the computer code GETOUT. GETOUT was executed in its

step-with-dispersion mode. The decaying step toundary condition-

* is used to simulate a leach limited source with constant leach

rate. Note the comparison between NWFT/DVM and GETOUT in Figure
.

6-SP. For NP237, GETOUT predicts a higher peak discharge rate than

NWFT/DVM. Note also that the NP237 discharge pulse predicted by

NWFT/DVM seems shifted to later times. These differences in
.

NWFT/DVM and GET0UT predictions can be attributed to the cifferent

,

f*

.

1?R.
. . . - ,..
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! *
,

-

a

I| source treatments used in the two models. GETOUT uses a ,
! ,

concentration boundary condition whereas NWFT/DVM injects source
i

'j material into grid blocks. In this example, the distance from the
1

center of the 8000 ft distributed source to the discharge point in''

6

;j NWFT/DVM is the same as the distance from the source boundary to
'l ,

| the discharge point in GETOUT. Intuitively, one might expect that
~

;

.j a distributed source would produce a lower peak discharge rate -

.

! than a boundary condition source. Furthermore, when the source

|} input terminates, as determined by the leach time, the distributed
.

Tource in NWFT/DVM gives an additional 4000 f t .cf source pulse.
..3

This latter effect explains the reason why the discharge pulse
.

| tail arrives later in the NWFT/DVM results than in the GETOUT

i '' results. . Without arguing the relative merits of the different

source treatments, we simply note that one could expect better

agreement between NWFT/DVM and GETOUT if the distributed source in
' ' - NWFT/DVM were smaller. This effect is shown in Figure 7-SP in

which the source length was reduced from 8000 ft to 2000 ft. Code
.

output is given in Table 8-SP.
.

O

/ .

9

O

'

4

,
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Table 7-SP. Sample Problem 3 Input Data

*
, ,

a

SAMPLC PROSLEM No. 3
1 BC 1

,

432.75 646.10 432.70 BC 2
50.8 50 0 50.0 50 0 40 0 40.0 40.0 40.0 BC 4

BC 3
el 10. 1 67E-6 1.5E-6 10. 1.57E-6 2.5 BC 4

' ?, 6.[6 6.E6 6.E6 6.E6 1.8E6 1.8E6 1.9E6 1.8E6 BC 5
*

707. 1.0 1. 10 540. 1. 1 2E8 BC 5
^

14500. 8000. 38000. 100000. 14500. 8000. 39000. 100000. BC '6600. 496.5 500. 603.5 5000. 1100. 1100. SC 63602.41 2502 41 1525 89 3414.81 3311.31 2319.81 2814.81 2314.81 BC 7
*

2211.31 2819 67 1719 67 '425.89,

.3 .3 .3 .3 .3 .3 .3 .3 BC 8
BC 7

.15 .35 .03 .03 .3 .03 .3 BC 8

,

'i 0. D. O. 8. O. 3. O. D. 8C 9.67 1. 1. 1. 1. 1. O. BC 9f 4 13 10 3 4'

3 2.E4 .2 BC 10
3 BC 11..

,4
237. NP237 1 0 2.14E6 1.E3 BC 12
233. U233 2 1 1.62E5 1.E3 BC 12i.

1 1. BC 12
229. TH229 3 1 7 3E3 1.C3 BC 12

2 1. BC 12
1

j
20. 10. SC 12
1.6 1.6 8C 13'

2.0 1.0 BC 13
1.E5 500. BC 13

;, BC 14*

3.5E5 BC 15
1 1 BC 18

11 1 BC 0
2000. BC 2

3.5E5 BC 15
, BC 18

8

. .

e

9

e

o

O
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I
-

10-5 1 i , i,

j ~ ~

NWFT/DVM -
'

e e e GETOUT.,

4

<

I N
: U233 ,

. el,

l>
n e

: >,

.$ 10-6 - -

s
i 5 *

l*'

NP237 I<w
&.

< *
i,

T
,

.

y TH229,, .
; e

< ,
I .

O 10-7 -- e -

cn
- eQ is

.

B
, .

't o '

,
's

u .

10-8 I I I

O
'

1 2 3 4 5

TIME (105 years)

Figure 6-SP. Discharge Rates for*

Problem 3Ar
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Figure 7-SP. Discharge Rates vs. Time
' for Problem 3B
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. , 7 . - . - .
,

CPf!Dh5 leg 2.0 3.0 4.0 Set 6.0 7e0 8.0 1e0 10eu 11,0 12.1 13.0 14.0 15e9 16 e e 17 e 8 10 e 0 19,0 20e0 21,0 22 0 23.9a .-
5

RU9BE R OF ISOTOPES 3
s

e

i I SO T O PE f4 A MC HALF LIFE (YEARSS INITI AL AMOUNT (Ell
hp237 2.140E+06 1.000E+03U233 1.620E+05 1.000E+03' TH229 7 300E+03 1 000E+03

, ..LEACH TIME s 1.000E+05 YEARS DISPERSIVITY z 5.000E+02 FECTe *

| 40 0F VECTORS * O TIME UPPER BOUND = 3.50C+05
' -

. ..
-

4
.

1

i Table 8-SP. Sample Problem 3 Output
a

.

%..

t

i

i e

b 09
*

e

e

8

p

,

t
.

.

-l

. .
;

e

9

4

8

e e

4

1 g:
e 4 9 4 ( '

4
#
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..e....%. u.a....... .... .'.'eese - * -* ' ~ ~ ~ ~ ~',
-

--.......-......e..e...ee..... NLeuunu ILbu Muutt . x> -
....

e.

eeeeeeeeeee
...... e . .e e .eee seeeeeeee *.eeeeeeee. OPPER e * * esseeeeee eeeeeeeee.e o e o e o e e* AGUIFEA e---e LEG 1

<

e - - --- - -- - --- --- - e L E G 2 e -- - - -- - - - ---- - - - - -- - . L E G 3INLET.

.------------. LES 4 . --- -- --- -- - -- - - . S U T L E T. . . . - . . - . . - . . - . .

.
. . ......... - ......... - .................... - .........-

-
-

- ..........
--

-
-......... -

.......... -. . .. .
-

. LEG 9 -
. LEG 10 .*

-
. . -

* . . -.......e. -e......... - -
( -

-
-

-
*

-.......... - .........., .......... 8- . . -
. . . .-. LEG 13 .------------

* i .LEG 14. . . LEG 15 *- . . - . . . . *- .......... - .......... .......... 6

t
-

-
-.......... -

..........
-. . -

. . -
. LEG 11 . .

-. LEG 12 -
. . -

. . -.......... -

.......... -
- ,

. -
-

-........... -
-

3 . . ......... - ......... - .........
-

- e

LOWER . . . -9 ,
* - ......e.. -(, C

. e. - . . - . . -AQUIFER .---. LEG 5.

*----------------. LEG 6 .--------------------. LEG 7 .------------. LES 8 .y . 4NLET . . .-------- '. . * . . . .. . .........
. . . . . . . . '

........... ......... .........

------RADIONUCLIOE MIGRATION PATH------LEGS 13 10 3.
*

UPPER AQUIFER INLET
INLET PRESSURE = 62308.80 LB/FT. 2'

,

.

ELEVATION = 3602.41 FT * '

( :' LOWER AQUlFER INLET
i

INLET PRESSURE = 9 30 38. 4 0 L8/F T. 2 *

| ELEVATION = 2502.41 FT' (*
4

OUTLET
1

OUTLET PRESSURE = 62308.80 LB/FT*.2(
g ELEVATION = 1525.89 FT

t

ELEV ATIONS OF OTHER POINTS
.

( JUNCTION 4 (LEGS 1-2-98 = 3414.81 F T
JUNCTION 5 ( L E G *. 2-3-103 = 3 311.31 F T '

JUNCTION 6 (LEG. 9-11-13) = 2814.81 FT
JUNCIION 7 (LEGE 10-12-13) = 2814.81 FT

*
.

JUNCTION 8 (LEGS 5-6-11) = 2314.31 FT
JUNCTION 9 (LEGS 6-7-123 = 2211.31 FT
JUNCTION 10 (LEGS 3-4-143 = 2819.67 FT
JUNCTION 11 (LEGS 7-8-14) = 1T19.6T FT

JuhCTION12 (LEGS 8-153 = 425.89 FT
.

LEG PROPERTIES

LEG 1 LENGTH = 1.45E+04 FT........ . AaEA = 6 0aE.06 rT. 2 Table 8-SP. (cont'd). Sample Problem 3 Output

.
.
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'

PORDSIIf = +3000
RD;% OENS!!T = le19E *0 2 LB/Fia*3

FLUID DENSITT = 6.23E+01 L8/ Fine 3 -

FLUID VISCOSITY = 1.00E*00 CP

LEGPROPERT1ks
e

LEG 2 LENGTH = 8.00E+03 F T
eeeeeeee AREA = 6.00E+06 FTee2

CONOUCTIVITY = 1.83C+04 FT/VR
POROSITY = .3000

ROCK OENSITY = 1 19E +0 2 L8 /F T * *3
FLUID DENSITY a 6 23E+01 LB/Fie 3

FLUID VISCOSITY = 1.00Ee00 CP ,
*

LEG PROPERTIES

LEG 3 LENGTH = 3.80E+04 FT .

e.e .... AREA = 6.0 0E*06 Fie +2
CONDUCTIVITY = 1*83E+04 FT/YR

POROSITY = .3000*
ROCK OENSITY = 1.19E + 0 2 LB /F T e e 3

FLUID DEt:SI TY 6 23C +01 LB/FT* e3=

FLUID VISCOSITY = 1.00C+00 CPt
.

LEG PROPERTIES

( LEG 4 LENGTH = 1 00C+05 FTeeeeeeen AREA = 6.00C+06 FTee2L CONOUCTIVITY a 1.83E+04 FT/TR( y P0HOSITY = .3000
e ROCK OENSITY = 1.19E + 0 2 L B /F T e *3

FLUID DENSITY = 6.23E+01 LB/FTee3
FLUID VISCOSITY = 1.00E+00 CP

LEG PROPERTIES
I

LEG S LENGTH = 1.45E+04 FT*eeeeee.' AREA = 1.80E*06 Fies2 .f
CONDUCTIVITY = 1 46C+04 FT/VR * .

POROSITY = .3000
4LCK OENSITY = 1 19E +62 LB /F T* *3(* FLUID DENSITY = 6.23E*01 L8/FTe*3

FLUID VISCOSITY = 1 00E+00 CP
t LEG PROPERIIES

LEG 6 LENGTH = 8.00E+03 FTi .eeeeee. AREA = 1 80E+06 FTe*2
CONDUCTIVITT = 1 46C+04 FT/YR,

POROSITY = .3000
( ROCK DENSITY = 1 19E+02 LB/FTee3

FLUID DENSITY = 6 23E+01 LB/FTe e3
FLUID VISCOSITY 1.,00E*00 CP=

LEG PROPERTIES

LEG T LENGTH = 3.80E+04 FTees.eese AREA = 1.80C+06 FT++2
CONDUCTIVITT = 1.46E+04 FT/YR

POROSITY = .3000 .
,

ROCK DENSITY = 1.19E * 0 2 L B /F T e e 3
" ' '

FLUID I C E+0 C Table.8-SP. (cont'd) Sample Problem 3 Output
.

. e . .

e
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LEE O LENGTH = 1.00EeC5 FTemesseee e AREA =* 1.80E606 FTest e e
.

CONDUCTIVITY = 1.4?Ce84 FT/TR
POROSiff = .3000

*
ROCK DENSITY = 1.19E e 0 2 LB /F T e e3

FLUID DENSITf = 6 23E+01 LB/FT**3
FLUID VISCOSITY = 1.00E*00 CP

LEG PROPERTIES

LEG 9 L ENGTH = 6 00E+02 FT. .eeeen AREA = 7.0TC+02 FTe*2
CONOUCTIVITY = 3.65E+01 FT/YR

POROSITT = .1500I
ROCK DENSITY = 1 4 5E + 0 2 L8/FT * *3

FLUID DCNSITf = T.02E+01 LB/FTe e3
t, FLUID VISCOSITf = 1.2TE+00 CP .

LEG PROPERTIES
( LEG 10 LENGTH = 4.9 7E* 0 2 F T

eeeesome AREA = 1.00E +0 0 F Te e2
C040UCTIVITY = 3.65E+03 FT/TR

POROSITY = .1500
ROCK OLNSITY = 1. 4 5E + 0 2 L B /F T * * 3

FLUIL DENSITY = T.40C+01 LB/Fia*3
FLUID VISCOSITY = 1.43C+00 CP

,
LEG PROPERTIES( *. .

Uw LEG 11 LENGTH = 5.00E+02 FTY eeeeemen AREA = 1 00E+60 FT**2
CONDUCTIVITY = 6 10E-04 FT/YR

POROSITY = .0300
ROCK OENSITY = 1 65E+0 2 LB/FTe e3

FLUID DENSITY = T.40E+01 LB/FT**3
FLUID VIOCOSITY = 1.43E+00 CP

LEG PROPERTIES
.

*
,

LEG 12 LENGIH = 6.0 4E+02 FT
eeeeeeen ARER = 1.00E+0S FTee2

CONDUCTIVIIf = 5.46C-64 FT/YR
POROSITT = .0300

ROCK OENSITT = 1.6 5E+02 LB/FT e e3 *FLUID DENSITY = T.40E+01 LB/FTee3
FLUID VISCOSITY = 1.4 3E+ 0 0 CPt.

* rLEG PROPERTIES
6 -

t. LEG 13 LENGTH = 8.00E+03 FT,

eeeeeeen 'AREA = 5.40E+02 FTe*2
CON 3UCTIVITY = 3.65E+03 FT/YR ~

POROSITY = .3000,

e ROCK DENSITY = 1.19E*02 LB/FTe *3
FLUID DENSITY = T.40E+01 LD/FTees

FLUID VISCOSITY = 1. 4 3E4 0 0 C P

LEG PROPERTIES
*

.LEG 14 LENGTH = 1.10E*03 FT
**e**eae AREA = 1.00E*00 FT**2

C010UCTIVITY.= 5.73C-04 FT/YR
PORDSITY.= .0300 . Table 8-SP. (cont'd) Sample Problem 3 Output

.
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i .
~. s . -- .. - . _.a.- .

........ .........
F LUID WISCOSITt s le43E*00 CP

L[G PEOPERTIES .

e
L EG 15 LENGTH z 1 10C +03 F T
..e....e AREA z 1.20E+0S FT.e2 ,

C040u:TivlTT = 9.13 E + 0 2 F T / T R
PORDSITT = 3000

a0CK OEhSITT a 1.19E * 0 2 L 8 /F T e e 3
FLUID DENSITT = 6.23E+01 L8/FT**3

FLUID WISCOSITT a 1.00E+00 CP
.

'.DISitISUTION COEFFICIE4TS BT LEG AND 87 ISOTOPE

NP237 U233 TH229
LEG 13 0. O. O. .

LEGIO 0. 8. O. .

LEG 3 .30000C+02 .16000C+01 .1'0 0 0 0 C+01
*

,

RETA40ATIQ4 FACTORS BT LEG AND BY I SO T O PE.

8 NP237 U233 TH229
LEG 13 .10000E+01 .10000E+01 .10000E+01
LEGIO .30000E+01 .30000E+01 .10000E+01
LEG 3 .39677E+04 .63567E*03 .39767E*03

I-

' LEG NO. FLOW VOL. DARCT VEL. PORE VEL.
(CU Fil/DAT FT/ DAY FT/ DAY

1 3.88E+06 6.47E-01 2 16C+00
2 3.88C+06 6.47E-01 2.16E+00 .
3 3.88E+06 6.47E-01 2 16E+00 *

* t 4 3 88E+06 6.47E-01 2 16E +0 0
5 6.58E*05 3.66E-01 1.22E+00.
6 6.58E+05 3 66C-01 1.22E+00 .

1 7 6 58E+05 3.66E-01 1 22E+00 *

8 6.58E+05 3 66C-01 1.22E+00-
9 -1.02E+00 -1.45C-03 -9.65E-03' * 10 1 02E+00 1.02E+00 6.82C+00 '

11 -1 66E-06 -1 66C-06 -5 54E-05
12 -1 39E-06 -1.39E-06 -*.64E-05
13 1.02E+00 1.89C-03 6.32C-03
14 -5.83E-0F -5.83C-07 -1.94E-05
15 6 58E*05 5.48E-03 1 83C-02

'
TOT AL PATH LENGTH (Fil = 2.8497E*04

FROM DEPOSITORT MIDPT (Fil a 2.4497E*04 .

AVERAGE FLulo VELOCITY (FT/Tl = 1.3914E+01
s

*

THE SPACE STEPeee.'oee*+ e ... DK = 1.14281E+03 FT
.

THE TIME STEPe****eee*****eae OT = 4.78459E*03 Y
NO 0F S OUR CE BL K S * * * * * * * e * * * NSB 2 7

VELOCITIES AND PRODUCTION FACTORS FOR EACH SUSCHAIN CONSIDERED *

OAU3HTER PARENTISI AVERAGE VELOCITY DECAY / PRODUCTION F ACTOR (OTI COUR ANT NUMBER4 ,
.

NP2 3F (DECATI .23885E+00 .99845E+00 .10026E*01 .
.

U233 (DECATI .13694E*01 . .97974E*08 . .5748tE+01. '

Table 8-SP. (cont'd) Sample Problem 3 Output ,



___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ____---------------------------c -

,,,;,,_ ,,,. . . - . _ . 2 s . , y g g ,, g . g g. . .. . . - , - - . . r 3 3,3, g , g g -- .
,

,
TH227 (DECATI .20689E*01 .634A9EsOOTH229 * U233 * e86842EeO+

.17192 E * 01 .16273E-01 .7 216 2 Es 81
..

.

Table 8-SP. (cont'd) Sample Problem 3 Output
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maus04vCL8DE DI5 CHARGE CATE 6CI/DAT),__, . . , , , . . . .: .-a.~.~---.---- ~~' ~' - - - ~ = "A; * *' ' * *
_

YIA4 EP237 U233 TM229 '
9569 O. .12016E-08 .52592C-06 .

14354 8 .81100E-06 .34753E-05 *

1913&. O. .31070E-05 .59207E-05
,

23923. D. 46153E-05 .61627E-05
28708. O. .51724E-05 .73191E-0533492. .56405E-12 .53991E-05 .74786E-05
3827F. .27903E-10 .55447E-05 .75886E-05
43061. .31699C-09 .56722E-05 . 7 6 8 36C- 05* 47846. .25102E-08 .57961E-05 .71710E-05
52630. .106520-07 .59194E-05 .78522C-0557415. .32995E-07 .60426E-05 .79271C-05 ,62200. .81165E-07 .61653E-05 .79957E-05
66984. .16766E-06 .62866E-05 .R0578C-05 i11769. .30239E-06 .64052C-05 .81135E-G5r 76553. 48997E-06 .65198E-05 .81629E-05
81338. .F2859E-06 .66290E-05 .82062E-0586123. .30108E-05 .61315E-05 .82439E-05 *

90107. 13250E-05 .68264E-05 .82764E-05
95692. .36583E-05 .69130E-05 .83040E-05100476. .19977C-05 .6991tE-05 .83273E-05

105261. .23320E-05 .70605E-05 .82951E-05110046. .26522E-05 .70411E-05 .76301E-05114830. .29521E-05 63470E-05 .49051E-05e. 119615. .32278E-05 .41571E-05 .23772C-05
124399. .34FT2C-05 .25578E-05 .13285E-05 L'

129184. .3F001E-05 .20934E-05 .10581E-05
( 133968. .389T2E-05 .19611E-05 .94282C-06

1, 138753. .40700E-05 18642E-05 .84482C-068

( ' g| 143538. .42203E-05 .17654E-05 .75141E-06198322. .43498E-05 . 16630C-05 .66241E-06
*

153107. .44599E-05 .35572C-05 .57830E-06151891. .45517E-05 .19485E-05 .99953E-06162676. .46246E-05 .13373E-05 .42656E-06
'

161461. 46755E-05 .12239E-05 .35980E-06172245. .46914C-05 .11091E-05 .29956C-06 ;( 177030. 46790E-05 .99368E-06 .24603E-06181514. .96067C-05 .87902C-06 .19 925E- 06 '

,

186599. .44681E-05 .766750-06 .15907C-06I .

|( 191384. .42560E-05 .65879E-06 .32518E-06 *

196168. . 3 9118E-0 5 .55710E-06 .97109C-07
.

i 200953. .36253E-05 .46343E-06 .74280E-07
*( 205F3T. .32337E-05 .37915E-06 .56041E-87' 210522. .28182E-05 .30508E-06 .41721E-07' 215307. .24004E-05 .24149E-06 .30663E-07

t 220091. .19995E-05 18813C-06 .22260E-07224876. 1630$E-05 .3443tE-06 .159 7CC- 9 7229660. .13029E-05 .10907E-06 .113 30 E-6 7,

. (~ 234445. .10214E-05 .81276E-07 .79532C-98
| 239229. .78645E-06 .59752E-07 .55266E-08

e

; 244014. .59544E-06 .43310E-07 .38039C-SS
(1 248799. .49377E-06 .3110lt-07 .25946E-08

253583. .32591E-06 .22049E-07 .17547E-08
25R368. .23609E-06 .15464E-07 .11772E-08263152. .16884E-06 .30736E-07 .78377E-09267931. .11931E-06 .73823E-08 .51809E-09

,

272722. 83378E-07 .50307E-08 .3 4 015E-0 9
271506. .57660E-07 .33991C-08 .22190E-09282291. .39488E-07 .22184E-08 .19389E-09 -

287075. 2619sE-07 .15157E-08 .92767E-10 Table 8-SP'' (cont'd) Sample Pfoblem 3 Output291860.- 18031E-07 .10 012 E -0 8 .59486E-10 *
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GADI CSUCLIDE DISCHAREE RAIC SCl/DATI
.

TEAR CP237 U233 IH229
296645e e12035E-0T 65588E-07 *.3T951E-10 , ,

301429. .79728C-08 .4282FE-03 .24094E-10 .

306219e .52 4 4 6E -08 +27755E-09 .15227E-10
310995. .342 TIE-08 .178860-09 .95814E-11
315F43. .22255E-08 .11465E-09 .60 0 41E-11
32056F. .19368E-08 .731170-10 .37471E-11
325352. .92242E-09 .46408E-10 .23306E-11
33013T. .58911E-09 .29322E-10 .14443E-11
334321. .37439E-09 .38447E-10 .89198E-12
339T06. .23652E-09 .11558E-10 .54913E-12
344490. .14914E-09 .72140E-11 .33704E-12
3492F5. .9352FE-10 .44860E-11 .20626E-12
354060. .58421E-10 .27798E-11 .12588E-12

s

OPI!O NS 1,0 2,0- 3,0 4,0 5,0 6,1 F,1 S,0 9,0 10,0 11,0 12,1 13,0 14,0 15,0 16,0 17,0 18,0 19,0 20,0 21,0 22,0 23,0
.

NO OF WECIORS n 0 IINE UPPER HOUND = 3.50E+05

THE SPACE STEPe e e e e * * ee e e ee. Du = 1.14281E+03 FT i

THE TIME STEPeeeeeeeeeeeeeeen DT = 4.78459E+03 Y
NO DF SOURCE BLKSeeeeeeeeeeee NS8 = 1

.

VELOCITIES AND PRODUCTION FACTORS FOR EACH SUSCHAIN CONSIDERED
f DAueHIER PARENT (S) AWERAGE VELOCITT DECAY / PRODUCT ION FACTOR (DT) COURA9T NU18ER

NP23T EDECAT) .23885E+00 .99845E*00 .10301E*01( 2,,

ti U233 EDECAT) .13694E+01 .97974E*00 .591050*01* U233 NP237 . 8 0 413E + 0 0 .15328E-02 .3470iE*01
(H229 EDECAY) .20689E*01 .63489E*00 .09295E+01(H229 U233 .17192E+01 .162 7 3E- 01 .T4200E*01

~. g

.

. e

Table 8-SP. (cont'd) Sample Problem 3 Output .
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Nada usuCLIDE 015ClupGE la sE 8Cl/DA73. . .
.- .m. t., . . . a 0 -- 1 L ' l' ' -- - ' ' - ' - ' '' ' " - ' #. .

YEAR EP237 U233 TH229
9569. O. O. .31038C-06

19354 O. .53136E-05 .33175E-05
~

1983a. O. .31230E-03 .61283[-05
23323. O. .48601E-05 .71456E-05
28708. D. .53037E-05 .73F67E-05

533492. O. .54554E-05 .74856E-05
3827F. .46603C-13 .55818C-05 .75814E-05
43061. .5952FE-11 .5F073E-05 .76710E-05 .

4Fs46. .13233E-09 .58330E-05 .7F544E-05
52630. .12398E-08 .59589E-05 .78308E-05
5F415. .6FFBIE-08 .60852E-05 .F8999E-05
62200. .25545E-07 .62116E-05 .79614E-05
66984. .73316E-07 .633F6E-05 .80151E-05
F1769. .17102E-06 .64620E-05 .80609E-85

' 76553. .33925C-06 .65830E-05 .80991E-05
81338. 59141E-06 .66985E-05 .81301E-85,

86123. .92874E-06 . 68 061 E -0 5 .81544E-05
*

i 90907. .13393E-05 .69038E-05 .81728C-05* 15692. .18008E-05 69901E-05 .81861E-05
1004 F6. .22853E-05 .70641E-05 . 81951E-05

t 105261. .2F651E-05 .71256E-05 . 81700E-05
110046. .32167[-05 .71226E-05 .76001E-p3
114930. .36233E-05 .64294E-05 .464nSE-05
119615. .39FSIE-05 .39692E-05 .2023FE-05a

124399. .42690E-05 23962E-05 .10900E-05 ,

129184. . 4 5 066E a05 .20041E-05 .8F249E-064- 133365. 46933E-05 .18704E-05 .76571E-06
e 138F53. .48358E-05 .17551E-05 .67098E-06 !

'

C 143538. .49417E-05 .36374E-05 .58203E-06 s

! (' Y 198322. .50180E-05 .15171E-05 .49914E-06
'

15310F. .50F00E-05 .13946E-05 .422F4E-06 >

157891. .50995E-05 .12F05E-05 .35325E-04
162676. .51018E-05 .11453E-05 .29098E-06 i

*167461. . 5 06 4 4 E- 05 .10199E-05 .23612C-06 i

1F2245. .49700E-05 .89568E-06 .48866E-06
* 177030. . 48 012E -0 5 .7F45tE-06 .198380-06

181814 .454FTE-05 .65860E-06 .11488E-06
*

186597. .42107E-05 .55024E-06 .87569E-07 ,

191384. .38033C-05 .45143E-06 .65743E-07 a
' 196168. .33484C-05 .36363E-06 .48634E-07

* '

200353. .28731E-05 .28764E-06 .35471E-07
|( 205F37. .2 4 041E-05 .22352E-06 .25523C-07

,

e 210522. .19638E-05 .17075C-06 .18130E-07'

21530F. .35679E-05 .12830E-06 .12722C-07.

(: 220091. .12252E-05 .94913E-07 .88250E-08* 224576. .93841E-06 .69180E-07 .60558E-08
*

229660. .70542E-06 .49724E-07 .41133E-08 ,(. 234445. .52116E-06 .35273E-OF .2F673C-08
I''

| 239229. .37889C-06 .24715E-07 .1845DE-08
244014. .27138E-06 .17118E-07 .12198E-OS't' 248799. .19871E-06 .11728C-07 .80005E-09 I '253583. .133F1E-06 .79542C-08 .52086E-0%
258368. .92152E-07 .53436E-08 .33674E-09
263152. .62817E-07 .35580E-08 .21628E-09
26793T. .42384E-07 .23494E-08 .13806C-09
272722. .2832FE-07 .15393E-08 .87615E-18

'

2F7506. .38765E-07 .10012C-08 .55301E-18 ,

282291. .32329E-07 .64669E-09 .3472FE-10 ,-

*'ill: ::'"'::: : !'''E:|' :'i5:i':!: Table 8-SP. (cont'd) Sample Problem 3 Output *
,
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mius muC&l:C C35Cl4 AGE R4IE (Cl/32.f t
T!i4 KP237 U233 IH223 ,'

, ,- e296645. .33450E-08 .1$C93E-09 8.83618E-11 -
301429. .213 71E -0 8 .10594E-09 .51583E-11
386214 .13574C-08 .66499E-10 .31699E-11
310998. .857380-09 .41542E-10 .19409C-11
315T83. .538F3E-09 .25836E-10 .11843C-11
320S6T. .33696C-09 .35999E-10 .72030E-12-

| 325352. .20966E-09 .98683E-11 .43673E-12
330137. .12993C-09 . 60 636 E-11 .26402E-12
334921. .80189C-10 .3F124C-11 .159170-12
339T05. .49299E-10 .22652E-11 .95704E-13
344490. .30198E-10 .13FFFC-11 .5F399E-13 |
349275. .18433E-10 .8353FE-12 .34343E-13
354060. .11215E-10 .50505E-12 .20501E-13

i ,.

.

Table 8-SP. (cont'd) Sample Problem 3 Output*
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Sample Problem 4: Different Release Scenario , Longer Decay Chain,
'

.

Solubility Limits,

|| Sample problem 4 simulates a different 'elease scenario and transports ar

j longer decay chain than problems 1-3. The use of solubility limits is also.

j described.

'i

Release is assumed to occur due to a single 13.5 inch diameter borehole
! .

connecting the upper and lower aquifer through the depository. Legs 10 and{ ,

12 are used in this instance. Water from the borehole is assumed to

circulate through the entire depository. Thus, the migration path is

j assumed to begin at the center of leg 13. However, to assure that the fluid

flow rate in the borehole is used in all source calculations, we flag leg 12

negatively on the migration path card. - "

The decay chaint

CM246 :PU242 : U238M234-TH230---,RA226
i

PU238
.

is transported along legs 13, 12, 7, 8 and 15.
'

Input is described in terms of changes to the base-case (Table 9-SP).
.

1

.

BC(l) A different title-

SAMPLE PROBLEM N0. 4
.

BC(2) A blank card is inserted.

BC(4)- Conductivity in legs 10, 12 and 13 is set to 10 ft/ day.

- - 140 -



e

s .,

.

BC(5) The cross-sectional area of leg 13 is set to 2.7 x

4 210 ft That is.

'
.

AREA (13) = 6000 x 18 x .25
,

where depository width is 6000ft, height is 18 ft, and there

is a .25 extraction ratio. (.25 extraction ratio implies that-

;

| 25/100 of the intact salt is removed to create depository rooms,*

:

| corridors, etc.) -

! .

.
BC(8) Porosity in legs 10 and 12 is set to 0.15 and leg 13

'
is set to .l.

i

BC(9) The brine concentration in leg 10 is set to .67.

BC(10) The migration path card becomes

} 5 13 -12 7 8 15.
,

BC(12) The number of isotopes is 7. Decay chain information
.

incl udes :
.

i

, Name Component Hal f-Li fe (years) Curies .

3 4CM246 1 4. 71 x 10 3.22 x 10

5 3
'

PU242 2 3. 79 x 10 1. 2 8 x 10
9'

U238 3 4.51 x 10 106

7PU238 4 89 1.11 x 10
.

5U234 5 2.47 x 10 789

4TH230 6 8x 10 1.74
.

RA226 7 1600 .014

i

I

,
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The initial curies are f rom the Blomeke low-growth projecti.ons*

Each parent-to-daughter decay fraction is one. Finally note
*

-

that U234 has 2 parents and PU238 has none.
i

:

d BC(13) Legs 7, 8 and 15 ( the 3rd, 4th, and 5th legs in the
i .

j migration path). are assigned the KD's given below. KD's 1.n legs

13 and 12 remain zero.' -

.

Isotope KD(ft/lb)
'

CM246 5.20

PU242 .96,

[ U238 .15

j PU238 .R6

U234 ,15

TH230 7.35

RA226 ,02

Altho. ugh these numbers may appear some"what strange, they arise

from a random sampli:ng technique over reasonab.le KD ranges.
.

BC(151 The LLONLY parameter on the DVM control card is set to

2. The model logic is then to test at each. time step whether an -

isotope ought to be solubility- or leach limited.
.

B C(.161 The sol ub.ility limits card is written in 7E10. 3 fo rma t ,
'

.

*Blomeke, J. O. and Kee, C. W., Projections of Wastes to be
Generated, International Symposium on the Management of Wastes
from the LWR Fuel Cycl e , Denve r, Co. , J uly 11 16, 1976.

E
.

.
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Isotope Solubility Limit (g/g)

''

CM246 10.

PU242 1.55 x 10-13

i U238 2.57 x 10-5

PU238 4.54 x 10-13
'

U234 5.14 x 10-8'

TH230 5.35 x 10~8
'

~i
.

RA226 6.74 x 10-9

Except for CM246 these values are also the result of a random

.; sampling technique. Since CM is assumed to have unlimited
.

.

solubility, the value 10 g/g is inserted to force a leach-limited.

i

source. Notice that for example, U233 and U234 have different

! limits. The solubility limit 2.57 x 10-5 was sampled for
!

'

uranium and then multiplied by an average mass fraction, i.e.,

.998 for U238 and .002 for U234.

The time dependent discharge rates"are graphed on Figure 8-SP. -

Since solubility limits are utilized and the decay chain consists
.

of more than 3 isotopes we can no longer use GETOUT for comparison.,

|. Hence, SWIFT was used for comparison and its output is depicted at
-

i
.

various times. The early pulse of PU242 is caused by the decay of,

slowly moving CM246 outside the depository region. Solubility

limits are not tested outside the depository due to the large*

! volume of water in the aquifers. Tne effect of CM246 decay
,

.

( diminishes after a few half-lives. The output pulse of PU242 then
|
| shows the effect of a solubility-limited source. Code output is
|

given in Table 10-SP.

|

!
.

| - 143 -
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Table 9-SP. Sample Problem 4 Input Data
'.;

,

i
f

4

i

SAMPLE PROBLEM NO. 4*
,

BC 1 *
: 432.70 646.10 432 70 K 2

.] 50 0 50.0 50.0 50.0 40.0 40.0 40.0 40 0 BC , 4
BC 3

4 1 5E-6 10. 1.67E-6 10. 10. 1.57E-6 2.5 BC 46.E6 6.E6 6.E6 6.E6 1.8E6 1 8EG 1.BE6 1.8E6 BC 5
e 1. 1.0 1. 1.0 2.7E4 1. 1.2E8 BC 5

.

14500. 8000. 38000. 100000. 14500. 8000. 38000. 100000. BC 6600. 496 5 500. 603 5 8000. 1100. 1100.3602.41 2502.41 1525.89 3414 81 3311.31 2814.81 2814.81 2314.81 BC 7
BC 6'

2211.31 2819.67 1719.67 425.89
.3 .3 .3 .3 .3 3 .3 .3 BC 8

,

BC 7
.03 .15 .03 .15 .1 .03 .3 BC 8S. O. O. O. O. D. D. O. BC 9

1
1. .67 1. 1. 1. 1. O. BC 95 13 -12 7 8 158 7 BC 10

246. CM246 1 0 4710. 3.22E4 BC 12
242. PU242 2 1 3.79E5 1 28E3 BC 12' '

1 1. BC 12
238. U238 3 1 4.51E9 106. BC 12

2 1. BC 12
238. PU238 4 0 89. 1.11E7 BC 12
234. U234 5 2 2.47E5 789.

BC 12
3 1. BC 12
4 1. B* 12

230. TH230 6 1 8.E4 1 74 BC 12
5 1. BC 12

226. RA226 7 1 1600. .014
BC, 12

6 1. ~ BC' 12
.

BC 125.20 5 20 5 20
BC 13.96 .96 .96

.15 15 .15 BC 13
BC 13.96 .96 .96

.15 .15 .15 BC 13
7.35 7.35 7.35 BC 15

BC 13.02 .02 .021.E5 500. BC 13
2 BC 14

10. 1.55E-13 2 57E-5 4 54E-13 5 14E-8 5.35E-8 6.74!-9 BC 16
BC 15

,

BC 18
,

.

.

- 144 -
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10-3 i g ,

" '

- DVM.

e2 SWIFT PU242
e3 SWIFT U238

7e6 SWIFT U234 RA220 N 7
*

*
.

* 'e6 SWIFT TH230 7 -

e7 SWIFT RA226 7
,

U234|

10-5'
- -

,7 7.

>5
.

7.

U238 N3
10-6 '

-

7^ '
>, 7
$ 6. 5

,

5 6 6
tu
F-

k 10-7 -
"-

3 i.
| $- TH230 6x

<
I
O
*
Q_

10-8 -

6-
, ,3

.

PU242
>

10-9 6; ,
*

2*
-

6 U238o

3|3 .
*

(

, 3
' N

2. 310-10 - 2o 1
-

2k 2 22m.

5
5

U234/ 5

10-11 , , 5

103 104 105 106

TIME (years)

''

Figure 8-SP. Discharge Rates
vs. Tine for Problem 4- ' ' '

-

-145-
.



. . _ . - ~ - ._. _. . - -- . .
,

- .

7 . .
, , ,

.

'; -

4

.

l
.

.

SAMPLE PROBLEM NO. 4i *

.

OPTIONS 1e0 2,0 3,0 4,0 5.0 60 7,0 8,0
S e e 10,0 11,0 12 0 13,0 14,0 15,0 16,0 17,0 18,0 11,0 20 e 8 21,0 22.0 23,01

NUMBER OF ISOTOPES 7

IS3 f 0PE N AME H A LF 1, IF E ( YE A R S ) INITIAL AMOUNT (CI)- *

CM296 4.710E+03 3 220E+09
,

% PU242 3.790E+05 1 280E+03Ch U238 9.510E+09 1.060E+02, , PU230 8.900E*01 1.110E+07U239 2.970E+05 7.R90E+02TH230 R.000C+04 1.740E*00RA226 1.600E+03 1.400E-02.
.

LEACH TIME = 1.000E+05 YEARS DISPERSIVITY = 5 000E*02 FEET
NO OF VECTORS = 0 TIME UPPER B0UND = 1.00E+06

-
,

Table 10-SP. Sample Problem 4 Output,
-

(Pages.146 through 161 inclusive)
. .. ,

I

5

.
.

. *
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........ e cua % n L e s . . . . . . si e e . .'. . . .~ . E . . . . '. . . . '- . - . '

...........
e e .se#.eee. * . *

e ee..... ......... see.nees.
,. UPPER . e a e a .. o..eeene e e e o e* A c u!FER e---e LES 1 .----------------e LEG 2 .--------------------. LEG 3 e------------. LEG 4. INLET . . . -

.

. - -- -------- --- - O U T L E T .e . - . . - . . - . .
. . ......... - ......... . ......... - .................... - e.........-

-
,

-
-

......... -
-

.......e..
. .

-
-

. .
. LEG 9 .

-
-

* LEG 10* .
. .

-
-

. ..

.. ...... -
-... .....e -
_

-
-- esen...... - .......... ........... . . . . . . .', ----- - -- LEG 13 .------- ,* LEG 14 . . LEG 15- e e - . . e e- .......... . ..........-

-
..........

.....e..ee -
-

........ . -
. . -

. . -
. LEG 11 . -

LEG 12.t -. . -
. .

....... ee -
-

.e..e..... -
--

-
.e ........... -

- s
-

. . ......... - . ....e.. - ......e.. .

-
-

. LOWER . . . - . . - . . - . . -

...e.ee.. -

(' . AQUIFER .---. LEG 5 e----------------. LEG 6 .--------------------. LEG 7 .------------* LEG 8 *--------INLET e . ..
. .

i, e . . .. . ......e.. .........
t. .......e... ......... .........

o

------RADIONUCLIDC MIGRATION PATH------LEGS 13 -12 7 8 15

UPPER AQUIFER INLET
1

INLET PRESSURE = 62308 80.LB/FTo.2* .

ELEVATION = 3602.41 FT
(

L3WER AQUIFE R INLET
INLET PRESSURE = 930 38.4 0 LD/FT. 2

ELEVATION = 2502.41 FT

OUILET
GUTLET PRESSURE = 62308.80 LB/FT.*2i

ELEVATION = 1525.89 FT

ELEV ATIONS OF OTHER POINTS
.

(*
JUNCTION 4 (LEGS 1-2-93 =. 3414 81 FT

JUNCTION 5 (LEGS 2-3-108 = 3311 31 FT
JUNCTION 6 (LEGS 9-11-13) = 2814.81 FT

JUNCTION 7 ( LEG S 10-12-13 3 *= 2814 81 F T.

, JUNCTION 8 (LEGS 5-6-113 = 2334.81 FT
JUNCTION 9 (LEGS 6-7-12) = 2211.31 FT
JUNCTION 10 (LEGS 3-9-143 = 2819 67 FT
JUNCTIONil (LEGS 7-8-14) = 1719 6 7 F T

JUNCTION 12 (LEGS 8-153 = 425.89 FT
.

LEG PROPERTIES

LEG 1 LENGTH = 1.450 04 FT........ * AREA = 6 00E+06 FT. 2
' d

*
.

#



. . . . . . . , . . . . . ~ ~ ' ~ - " ~ ~~~ "* ~ '~~ ~ ~~ ~ '

PORDSilf = .3000
ROCE OENSITT = 1.1 TE *0 2 L 8/F T e *3

FLUID DENSITr = 6 23E+0! L5/Fiee3 .

FLUID VISCOSITT a teODE*00 CP
.

LEG PROPERTIES

LEG 2 LENGTH = 8.00E+43 FTeeeeeeen AREA = 6.00E+06 FTe*2
CONDUCTIVITY = 1.8 3E +04 F T/TR

PORDSITT = .3000
ROCK DENSITY = 1.19E+8 2 L8/FTe e3

FLUID DENSITY = 6 23E+01 L8/FTe*3
FLUID VISCOSITY = 1 00EeOO CP

i 'LEG PROPERTIES
t .

LEG 3 LENGTH = 3 80E+04 FT(T ******** AREA = 6.00C+06 FT**2
,

'

CONDUCTIVITY = 1.83E+04 FT/TR
POROSITY = .3000*,

t

ROCK DENSITY = 1 19E+0 2 LB/FTee3
FLUID DENSITY = 6.23E+01 LB/FTo.3

FLUID VISCOSITY = 1.00E*p0 CP
i

LEG PROPERTIES ,
(' LEG 4 LENGTH = 1.00E+05 FT

.

eseeeeen AREA = 6.00E+06 FTe=2
e CONDUCTIVITY = 1 83E+04 FT/YRf % PORDSITY = .3000
?* ROCK DENSITY = 1.19E + 0 2 L D /F T * * 3 '

FLUID DENSITT = 6.23E+01 L8/FTee3
FLUID VISCOSITT = 1.00E+00 CP

*
LEG PROPERTIES

LEG 5 LENGTH = 1.45E+04 FTe.ee.eee AREA = 1 80E+qG Fies2t *

CONOUCTIVITY = 1.46E*04 FT/YR . .POROSITY = .3000'
ROCK DENSITY = l e19E +0 2 L8/Fie *3.i ( FLUID DENSI TT = 6.23E +01 L8 /FT * *3

*

FLUID VISCOSITY = 1.00E+00 CP
'

LEG PROPERTIES
..

LEG 6 LENGTH = 8.00E+03 F T(, eseeenee AREA = 1.80E+06 Fie*2,

i

CONDUCTIVITY = 1.46E*04 FT/YR ,.

POROSITY = 3000
.

I'
ROCK DENSITY = 1 19E*0 2 L8/FT* * 3 'FLUID DENSITY = 6 23E+03 LB/FTee3

FLUID VISCOSITY = 1.00E+00 CP
e

i LEG PROPERTIES

LEG T LENGTH = 3.80E+04 FT
esseeese AREA = 1.80E*06 FTee2

CONDUCTIVITY = 1.46E+04 FT/YR
POROSilf = .3000 . '

ROCK DENSITY = 1 19E+0 2 L8/FTe e3 '

FLUID DENSliY = 6 23E+01 LB/FT**3
FLUID VISCOSITY = 1 00E+00 CP.

.

s e

-- . _

. e . G

e

e



, ..

'
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LEG a LENGTH a 1 000*05 FT
eessasse * e eAREA 2 1.8 0E *06 F Tee 2 .,

CONDUCTIVITY = le46E*04 F T/ YR .

POROSITY = .3000
ROCK OENSITY = 1 19E +0 2 LB/Ff e *3 e

FLUID DENSITT = 6 23E+01 L8/Ffee3
FLUID v1SCOSITt .= 1.00E+00 CP

LEG PROPERTIES

LEG S LENGTH = 6.00E+02 FTseeeeese AREA = 1.00E+00 FTee2,

CON 3UCTIVITY = 5.48E-04 F T/ YR ,POROSITY = .0300' .
ROCK DENSITY = 1.6 5E +0 2 L8 /F f e e3

FLUID DENSITY = 7.40E+01 L8/FTee3
FLUID VISCOSITY = 1.43E*00 CPs

.
LEG PROPERTIES

LEG 10 LENGTH = 4.9 TE+02 F T***eesee AREA = 1.00E+00 FTee2
CONOUCTIVITY = 3.65E+ 0 3 F T/ TRt_ POROSITY = .3500
ROCK DENSITY = 1. 4 5E +0 2 LB/FTe e3 e

FLUID DENSITY = 7.02E+01 LB/Fiee3(, FLulo VISCOSITT = 1.2TC+00 CP,

d~
y LEG PRGPERTIES

LEG 11 LENGTH = 5.00E*02 FTeeeeeee. AREA = 1.0 0E +00 F Te *2
CONDUCTIVITT = 6.10E-04 FT/TR

PORDSITY = .0300
ROCK OENSITY = 1.6 5E +0 2 LD /FTe e3

' FLUID DENSITY =.
7.4 0E +0! LB/FTe *3

FLUID WISCOSITT = 1.43E+00 CP
,

LEG PROPERTIES =
,

L EG 12 LENGTH = 6.04E+02 FTeseessee AREA = 1.00Ee00 FTe*2*

CONDUCT!WITY = 3.65E+0 3 FT /YR
' PORDSITT = .1500t ROCK DENSITY = 1.45E*0 2 LB/FTee3.

FLUID OENSITY = 7.90E+01 LR/FTee3: FLUID VISCOSITY = 1.4 3E + 0 0 CP
i (
'
i

LEG PROPERTIES

( LEG 13 LENGTH = 8.00E+03 FT*eeseene AREA = 2. TOE +04 FTee2
CONDUC TIVITY n 3.6 5E+03 F T/TR

POROSITT = '.1000
ROCK OENSITY = 1 53Ee02 L8/FTee3

FLUID DENSITY = 7.40C+01 LB/FTee3
FLU 13 WISCOSITY = 1.43E+00 CP

LEG PROPERTIES
.

LEG 14 LENGTH = 1.10E+03 F'T*eeeeeee AREA = 1.00E+00 FTee2
CONOUCTIVITY = 5.73E-04 FT/YR

POROSITY = .0300 ,

4

'

.

.
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FLUID DEN 511T * 7.40Ee01 La/FTee3
FLUID VISCOSITT a 1 4 3E*8 0 CP

~

LES P:0PERTIES

LEG '

* * * * .J 5 LENGTH = 1 10E+03 FT .

e** ARE4 = 1 20E+88 FT*+2
CONDUCT 1VITT = 9.13E +0 2 F T/TR

POROSITT z .3000
ROCa DENSITF z 1.15E + 0 2 L 8 /F T. 3

FLUID DENSITT = 6 23E*01 L8/FT**3
FLUID VISCOSITT a 1.0 0C+0 0 CP

e

4, DI Sit tsuTION COEFFICIENTS ST LEG AND ST ISDTOPE .

CM246 PU242 U238 PU238 U234 TH230 RA226LEG 13 0. O. O. 9. O. D. O. .' LEG 12 0. 8. O.
. O. O. O. O.LE G T .52000E+01 .96000E+00 .15000E*00 .96000E*00 .15000E+00 .73500E+01 .20000E-01LEG S .52000E+01 .96000E+00 .15000E+00 .96000E*00 .15000E*00 .73500E+01 .20000E-01LEGIS .52000E*01 .96000E+00 15000E+00 .96000E+00 .1*000E+00 .73500E*01 .20000E-01

(
SE T A4DA TION FACIDRS BY LEG AND ST ISOTOPE,

.

CM246 PU242 U238 PU238 U234 TH230 R4226(1 LEG 13 .10000E+01 .10000E+01 .10000E*01 .10000C+01 .30000E*01 .10000E+01 .10000E+01! LEG 12 .10000E+01 .10000E+01 .10000E+01 .30000Ee01 .10000E*01 .10000E+01 .10000C+01!' (' LEG F .2063TC+04 .38180E+03 .64500E*02 .38180E+03 .60500E*02 .29165E+04 .89333E+01LEG 8 .2063 7C+ 0 4 .38180E+03 .60500C+02 .38180E+03 .60500C+02 .29165E+04 .89333E+01{ LEGI5 .20637E*04 .38180E+03 .60500E*02 .38180E+03 .605COE*02 .29165E+04 .89333E+01
$
e

*
LEG NO. FLOW VOL. DARCY VEL. PDRE VEL.( (CU Fil/047 FT/DAT FT/ DAY

1 3.88E*06 6.47E-01 2.16C+002 3.88E+06 6.470-01 2.36E+00 , .

3 3.88Ce06 6.47C-01 * 2.16C+004 3 88E*06 6.47E-01 2 16C+00 '

.
, '

5 6.58E+05 3.660-01 1.22E*00t 6 6.58E*05 3.66[-01 1.22E+00
7 6.58E+05 3.66E-01 1.22E+008 6 5BE+05 3.66E-01 1.22E+00e 9 -7 85E-07 ~7.45E-07 -2.62E-05to -4 67E+00 -4.67C+00 -3.11E+0111 -7.25E-07 -7.25E-07 -2.42E-05

'
' f. ; 12 -4 67E*00 -4.67E*00 -3.11E+0113 6 02E-08 2 23E-12 2.23E-11I

14 -5.83E-07 -5.83E-07 -1.94C-05l 15 6.58E*05 5.48E-03 1 83C-02

TOTAL PATH LENGTH (Fil = 1.4770E+05
FROM DEP0a!TCRT MIDPT (FT) = 1.4370E+05

AVER 46E FLUID VELOCIIT (FT/T) = 2 1095E+01

THE SPACESTEP.************** Dx a 1.35147E+03 FTTHE TIME STEP ++a******** a*** DT = 1.76528E+03 YNO OF ScuRCE BLK$e++eee*.ep** NS8 a 5
-

VfLOCIIIES AND PADDUCTION F ACTORS FOR CACH SUSCH AIN CONSIDEREDDau.HTER PARENTES3 AVERAGE VELOCITT .DEC A Y/ PR OD UCT ION . F AC TOR (D T ) COURANT NU4RER .

.. *

. * . .

I.
-

.
.



'"''' (DECAfp . ' ' ' '' ' ' ' * " "'*-~'U- -- - u- . ..

e14565E*00 *73122E*00 ,g , g g ,C ,,e
Pu242 (SECAY) . . e.76559C*00PU242 CA246 ''8878E*00 *l $SI'II

,

e45562E*00 *22840E400 .59 89 0 E e gg
U238 (DECAT)*

.40969E+01' PU242 *10000E+01 60! *01.24312E+01 .
U238 PU242 CM246 .32233E-02 +31962E*01*16694C+01 +38486E-03 ' ' 8I*

Pu233 (DECAY) .76559E*00 *10696C-05 0 +81*
U234 (DECAY) .40969E,01U234 U233 .99506E*00 .53060Ee01.40969E*01U23, U238 PU2g2 .27064E-06 .53860E*01U2Jg .29864E*01 *43676E-09Pu238t .38546C+01 . 1262E+31

.99542E*00 * ''I'E*83TH23g (DECAY)
TH230 .10325C*00U234 +98482E+00

i .21001E,01 .13574E sg
I *49040E-02 ' '8I

,

*
RA226 (DECAY) .13582E*02RA226 TH230 *46595E+00 17855E*g2*68424E+01AA226 TH230 U234 *10599E-01

.592F2E+01 .89955E g1.

.29612E-04 .77923E.31
t

.
t

: (* .

3

(n
f
f
4

e

(
,

*
0e

(*
I .

1

i

-i,

.

.
.

t
.

*

e g

.

.

4

e

4
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IIA 4 EM246 PU242 "'
' , , . ..n. . . . - - . - - - - - ~ ' - - - ''

U238 PU238 U234 IH230 EA2263531. O. 8. D. O. O. O. O.
*

5296. O. O. O. O. O. O. O. .7061. O. O. O. O. O. O. O. ,E826. O. O. O. O. O. O. .73280E-1110592. O. D. D. O. O. O. .12677E-08

*

12357. O. D. O. O. O. O. .20975E-0719122. 6. O. O. O. D. O. .84597E-0715887. O. O. O. O. O. O. .19411E-061f653. C. D. O. O. O. D. .35165E-0619418. O. O. O. O. O. O. .56298E-0621183. O. O. .763 57E-20 0. .26770E-18 .67932E-23 .83751E-0622947. O. O. .15874E-14 0. .55404E-13 .53965E-17 .11890E-0524T14. O. O. 8 3299E- 11 0. .46211E-10 .66902C-14 .16373E-0526479. O. O. .11491E-05 0. .39150E-08 .73437E-12 .22103E-0520244. O. O. .25818E-08 0. .88925E-Of .20369E-10 .29451E-0530010. O. D. .23198E-07 0. .79564E-06 .23149E-09 .39104E-05
'

31775. D. O. .10684C-06 C. .36498E-05 .13963E-08 .51560E-05,' (- 33540. D. O. .29 766C-06 0. .10132E-04 .52296E-08 67208E-05

,

' 35306. O. O. .56846E-06 0. .19288E-04 .13606E-07 .8574 9E-0 53T071. D. O. .82560E-06 0. .27943E-04 .26926E-07 .10629E-04I 38S36. D. O. .99829E-06 0. .33727E-04 .43720E-07 .12784E-0440601 O. D. .30840E-05 O. .36585E-04 .61923E-07 .14973E-0442367. D. O. .11165E-05 O. .37665E-04 .80097E-07 17162E-0444132. O. D. .11263C-05 O. .37988E-04 .97E40E-0F .19339E-04
'

45897. O. O. .11287E-45 8. .38066E-04 .11444E-06 .21503E-04
*

47662. O. O. .11292E-05 O. . 38082C-04 .130550-06 23653C-04; ( L 49928. D. O. .11293E-05 O. .38085E-04 .14608E-06 .25790E-04m .51193. O. D. .11293E-05 0. .38085E-04 .16108E-06 27912C-041 7 52958. O. D. .1129 3E-05 O. .38085E-04 .17563C-06 300210-04(* 54724. D. O. .11293E-05 0. .38085E-04 .18977C-06 32116E-04
,

56489. D. O. .11293E-05 0. .38085E-04 .20354E-06 .34198C-09
.

*

58254. O. 3. .11293E-05 0 .38685E-04 .2169FC-06 .36266E-09
4-

60019. O. O. .11293C-05 0. .38095E-04 .23009E-06 .38322C-0461785. O. D. .11293C-05 O. .38D85E-04 .24291E-06 .40364E-04
''

63550. O. O. .11293E-95 O. .38085E-04 .25596E-06 .42393C-0465315. O. D. .11293C-05 0. .38085C-04 26775E-06 .44408E-04

e

j 67080. O. O. 11293E-65 0. .38085E-04 .27978E-06 .46411E-04* 68846. D. O. .11293C-05 0. .38085E-04 .29158E-06 .48401E-0470611. D. O. .11293C-05 0. .38085E-09 .30316E-06 .50377E-04.72376. O. D. 11293E-05 0. .38085E-04 .31451E-06 52340E-04
*

74142. O. D. 11293E-05 0. .38085E-04 .32566E-06 .54290E-0415907. M. D. .11293C-05 0. .38085E-04 .33660E-06 .56227E-04
,

77672 O. O. .11293C-45 O. .38085E-04 .34735E-06 .58151E-04
'

,i 79437. O. D. .11293E-03 0. .38085E-04 .35791E-06 .60061E-0481203. O. C. 31293C-05 0. .38085E-04 .36828E-06 .619590-04 I82968. D. O. .11293E-35 O. .38085E-04 .37847C-06 .63893E-04
t

s 84T33. O. D. 11293E-'05 0. 38035E-04 38849E-06 .65714E-04
' ''

t* 86499. O. O. 11293C-05 O. .38085E-04 .39834E-06 .67E72C-04
j '

88264. O. .51854E-25 11293E-05 O. .38085E-04 .40802E-06 .69417E-0490029. O. .59304E-24 .11293C-05 0. . 38085E-04 .917540-06 .71218E-04 s4 Il 91794. O. .58480E-23 .11293C-05 0. '.38085E-04 .42690E-06 .7306FE-04| 93560. D. .50804E-22 .11293C-05 0. 38085E-04' .43611E-06 .74872C-04
' '

95325. c. .39142E-21 .11293E-05 0. .38085E-04 .44517E-06 .76664E-04 ,97090. O. .26984E-20 .1129'3C-05 0. 38085E-04 .45407E-06 .78443E-04
,

i 98955. D. .16F77E-19 11293C-05 9. .38085E-04 '.46283E-06 .80209E-04,

100621. D. .94748E-19 .11293C-05 O. .38085E-04 . 4 714 5E-06 .81962C-04102386. O.
.

. 4 8 912E-18 .11293E-05 O. .38085E-04 .47993E-06 .83701E-04
'

114151. D. .23215E-17 .1129 3E- 05 O. .38085E-04 .48828E-06 .85427E-04 3105917. O. .10183C-16 .11293E-05 O. .38085E-04 99649E-06 .87141E-04
'

107682. D. .41482E-16 .11293C-05 0., .38085E-04 .50457E-06 .88837E-04
-

,
>

*
<

p

k

, . . , ,

*
-

1 ,

3
-_- -_- _ _ _ _
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TE*4 CM246 PU242 0238 PU238 U239 TH230 R322319944T. O. .15760E-15 .31293E-05 O. .38085E-04 .51251E-05 . 903 3 7E-0 4111212. 9. . .56071E-15 .11293E-05 O. .38085E-04 .52639E-06 .51415E-04
,

112918. c. .18 7 4 9 E- 14 .11293E-05 0, .38085E-04 .52803E-06 .92393E-09114793. O. .591180-14 .11293E-05 O. .38085C-09 .53561E-06 .934770-09*
116508. O. .17639E-13 .11293E-05 8. .38085E-04 .54306E-06 .94592E-04118273. c. .99900E-13 .11293C-05 0. .38085E-04 .55090E-06 .95589E-04_ 120039. O. .13932E-12 .31293E-05 O. .38085E-09 .55762E-06 .96609E-04121809. O. .39478E-12 .11293C-05 0. .38085E-09 .56973E-06 .97602C-09123569. O. .54591E-12 .11293E-05 O. .38085E-04 .57172E-06 .985FSE-09125335. O. .19879E-11 11293E-05 0. .38085E-04 . 5 78 61E-0 6 .99533E-09127100. O. .94840E-11 .11293E-05 O. .38085E-04 .58539E-06 .10047E-03128865. O. .97259E-11 .11293E-05 0. .38085E-04 .59206[-06 .10138E-03130530. D. .20322E-10 .11293E-G5 O. .38085E-04132396. C. . 4097DE-10 .11293E-05 0. .38085E-04 ~ .59862E-06

.10227E-03
.60509E-06 .103150-038 134161. G. .79826E-10 .11293E-05 0. .38085E-09 .61145E-06 .10400E-03135926. O. .15053E-09 .11292E-05 O. .38085C-04 .61771E-06 .10983E-03-

, ,

137692. O. .27510E-09 .11293E-03 0. .38085E-09 .62387E-06 .10565E-03
-

I 139457. O. .48790E-09 .11293E-05 O. .38085E-04 .62994E-06 .10649E-03-191222. D. .84073E-09 .11293E-05 O. .38085E-04 .63592E-06 .10722E-03141981. O. .19093E-08 .11293C-05 O. .38085E-04 .69180E-06 .30798E-03 '( 199753. O. .23004E-08 .11293E-05 O. 38085E-09 .69759E-06 .108720-03196518. O. .36606E-08 .11193E-05 0. .38085E-09 .653290-06 .10949E-03198283. O. .56840E-08 .11293E-05 0. .38085E-04 .65890E-06 .110150-03
,

' '150048. G. .86205E-08 .11293C-05 O. .38085E-04 .66992E-06 .11089E-63151519. O. .12781E-07 .11293E-05 3. .38085E-04 .66985E-06 .111510-03153579. D. .18540E-07 .11293C-05'0. .38085E-04 .6F52tE-06 .11217E-03
,

( 155394. D. .26336E-07 .11293C-05 O. .38085E-04 .68048E-06 .11280E-03! L 157110. O. .36660E-07 .31293C-3S 0; .38085E-09 .68566E-06 .11343E-03
1

C 158875. G. .50049E-07 .11293E=J5 O. .38085E-04 .69077E-06 .11403E-03; I, ' 160640. 0.- s67043E-07 .11293C-05 O. .38085E-09 .69580E-06 .11962E-03
*

'

162405. O. .88201E-07 .11293E-05 3. .38085E-04 .70075E-06 .11520E-03f 164171. O. .11402C-06 .11293E-05 0. .38085E-04 .70562C-06 .1157 6C-0 3' ' 165936. O. .14494C-06 .1129 3E-05 O. .38085E-04 .71042E-06 .11630E-0316T701. O. .18125E-06 .11293E-05 0.169966. O. .22313E-06 .11293E-05 c. .
.38085E-04 .71519E-06 .11683E-03
.3P385E-04 .71979E-06 .117 35E- 03171232. G. .27053C-06 .11293C-05 9. .38085E-04 .7 24 37E-06 .11765E-03172997. 3. .32323E-06 .11293E-05 0. - .38 08 5 E -3 9 .72887E-06 .11839E-03 /-174T62. 9. .38074E-06 .11293E-05 D. '.38085C-09 .7333tE-06 .11881E-03

,
,

116528. O. .99238E-06 111293E-05 0. .38085E-04 .73768E-06 .11927E-03
, ,

178293. O. .50722E-06 .11293E-05 O. .30085E-04 .79198E-06 .11971E-03180058. O. .57917E-06 .11293E-05 0. .38085E-04 .74621E-06 .12015E-03
4

181823. O. .69194E-06 .11293E-05 0. .38085E-09 .75038E-06 .12057E-03183589. O. .70916E-06 .11293E-05 0. .38085E-04 .75498E-06 .12097E-03
.

185359. O. .77939E-06 .11293E-05 O. .38085E-09 .75852E-06 .32137E-03f 187119. O. .836200-06 .11293E-05 c. .38085E-09 .i&250E-06 .12175E-03188885. O. '.89319E-06 .112 9 3E-05 O. .38085E-04 .76641E-06 .12212E-03190650. O. .94412[-06 .11293C-05 O. .33085E-04 .77027E-06 .222480-D3(. 192415. O. .98786E-06 .11293E-05 0. .38 08 5E-0 4 .77906E-06 .12282C-03
,

: 194180. G. .10235E-05 .11293E-05 0. .38085E-09- .77780E-06 . 3 2 316E-0 3195346. O. .105050-05 .11293C-05 0. .38085E-04 .78148E-06 .12348E-03
+

(l 19T711. O. .10683E-05 .11293E-05 O. .38085E-09 .78510E-06 .123F9E-031994 T6. O. .10767E-05 .11293E-05 O. .38085E-04 .78867E-06 .12409C-03201291. O. .10760E-05 .11293E-05 O. .38085E-04 .79218E-06 .12938E-03
,

203007. O. .10663E-05 .11293C-05 O. .38085E-09 .79564E-06 .12 4 6 6E-0 3
.

4 204712. D. .10483E-05 .11293E-05 O. .38085E-04 .79909E-06 .12492E-0320653T. D. .10226E-05 .11293E-05 O. .38085E-04 .80239E-06 .125180-03208303. O. .99004E-06 .11293E-05 0. .38 08 5 E-0 4 .80569E-06 .12593E-03210068. O. .95158E-06 .11293C-05 0. .38085E-09 .80894E-06 .12566E-03211833. D. .90821E-06 .11293E-05 O. .38085E-04 .81213C-06 .12589E-03213598. O. .86099E-06 .11293E-05 O. .38085C-04 .81528E-06 12611E-03
,

4

.

e

.

9



-4 O " - - - - - - ~' ~ ~ ~ ' " ' ~~ ~ ~~ ~ ~. . . . . . . , .. . . . . - , .

r[ a4 CM245 PU242 U238 PU238 U234 TH230 RA226215364 O. .810F9E-05 .11293C-05 8. .38085E-04 .81838E-05 .12631E-03217129. 9. .73274E-06 .11293C-03 0. .38085E-04 .82143E-06 .12651E-03
-

218894. O. .t0569E-06 .11293E-05 8. .38085E-04 .82444E-06 .12670E-03 ,

220659. O. .65249E-06 .11293E-05 O. .38085E-04 .82T39E-06 .12688E-03' 222425. O. .59986E-06 .11293C-05 0. .38085E-04 .83031E-06 .12705E-03224190. D. .54844E-06 .11293E-85 O. .38085E-04 .83317E-06 .12721E-03225955. O. .49877C-06 .11293[-05 O. .38085E-04 .83600E-06 .127 36E- 0 3227721. O. 45120E-06 .11293C-85 0. .38085E-04 .83877E-06 .12750E-03229486. O. .40630E-06 .11293[-05 C. .38085E-04 .84151E-06 .12764E-03231251. B. .36406E-06 .11293C-05 O. .38085E-04 .89420E-06 .12FF6E-03233016. O. .32472C-06 .11293C-05 C. .38085E-04 .84686E-06 .12788E-03
,

234782. O. .28835E-06 .11293C-05 0. .38085E-04 .8494TE-06 .12799E-03
.

23654f. O. .25497E-06 .11293E-05 O. .38085E-04 .85209E-06 .12809E-03238312. 0.- .22453C-06 .11293C-05 0.' .38085E-04 .85457E-06 .12818E-03( 240078. O. .19694E-06 .11293C-05 0. .38085E-04 .85706E-06 .1262EE-03 '241543. O. .17209E-06 .11293E-05 0. .38085E-04 .85952E-06 .12832E-03243608. O. .34983C-06' .11293C-05 0. .38085E-04 .86193E-06 .12836E-03( 245373. O. .12999E-06 .11293E-05 O. .38085E-04 .86431E-06 .12838E-03247L39. O. .11240E-06 .11293E-05 O. .38085E-04 .86665E-06 .12835E-03
,248904. O. .96880E-07 .11293E-05 O. .38085E-04 .86896E-06 .12827E-03( 250669. 0.- .83243E-07 .11293E-05 O. .38085E-04 .87123C-06 .32811E-03s 252434. O. .71314E-07 .11293E-05 0. .38082C-04 .87346E-06 .12786E-03'254200. O. .60920E-07 .11293E-OS 0. .38011E-04 .87564E-06 .12746E-03fI 255165. O. .51900E-07 .3129 3E-05 O. .37410E-04 .87763E-06 .12688E-03 ''251730. O. .44101C-07 .11293E-05 O. .34926E-04 . 8 78 76 E-0 6 .12603C-038 259496. O. .31381E-OF .11293E-05 O. .29077E-04 .87749E-d6 .12490E-03( b*

261261. O. .31609E-07 .11293E-05 0. .?0409E-04- .8 7198E-06 .12348E-03 8['263026.' D. .26669E-07 .11293E-05 O. .11714E-04 .86158E-06. 12187E-032 64 f 91. 9. .22452E-07 .31293C-85 O. .54805E-05 .84744E-06 .12016E-03|f 26655T. O. .14864E-07 .11293E-05 O. .21493E-05 .83153E-06 .11841E-03* 268322. O. .15818E-07 .11293E-85 0. .77552E-06 .81538E-06 .11668E-03
*

270087. O. .13240E-0F .11293C-05 O. .32402E-06 .79972C-06 .11497E-032 F 18 52. O. .11063E-07 .11193E-85 0. .20065E-06 .78476E-06 .11328E-03213618. O. .92296E-08 .11293E-85 O. .16952E-06 .77045E-06 .11162E-032f5383. O. .76885E-08 .11293E-0'5 O. .15958C-06 .75671E-06 .10999E-03( 277198. G. .63959E-08 .11293E-05 0. .15374E-06 .74348E-06 .10838E-03274314. O. .53141E-08 .11293E-O'S 0.- .14557E-06 .73067E-06 .10680E-03200679. O. .44105E-08 .11293C-05 O. .14350E-06 .71825E-06 10524C-03
.

t 282444. O. .365700-08 .11292E-05 O. .13845E-06 .70618E-06 .10371E-03 *
*

284209. O. .30299E-03 .11285E-05 O. .13334E-06 .69442E-06 10220E-03285975. O. .25088E-08 .11215E-05 O. .12775E-06 .68295E-06 .10 0 71 E-0 3287740. O. .20766E-08 .10850E-05 0. .11976C-06 .67175C-06 .99244E-04289505. 9. .17185E-08 .97446E-O'6 0. .10549E-06 .66080E-06 .97800E-04291271. D. .14224E-08 .76358E-06 c. .82344E-07 .65007E-06 .96377C-04293036. O. .11778E-08 . 9 9632E- 06 0. .54058E-07 .63955E-06 .94975E-04
s

294801. O. .97599E-09 .26053E-06 0. .28935E-0T .62924E-06 .93594E-04s 296566. O. .80978E-09 .10980E-06 0. .12504E-OF .61912C-06 .92233[-04
.

(, 298332. O. .6T301E-09 .37518C-07 0. .43906E-08 .60919E-06 .90893E-04 *300097. O. .56060E-09 .3 070 3E-07 0. .12833C-08 .59945E-06 .89573E-04
*

|(* 301862. O. .46831E-09 .27928E-08 0.. .33619E-09- .58990E-06 .88272E-04
.303627. O. .39263C-09 .88863C-09 9. .10064E-09. .58052C-06 .86992E-04 '

,

305393. O. .33062E-09 .50436E-09 0. .51582C-10 .57131E-06 .85730E-0430T158. 0.- .21986E-09 .43689E-09 0. .42F30E-10 * .56226C-06 .84988E-04308923. O. .23836E-09 .42546E-09 0. .41230E-10. .55338C-06 .83264E-04
.

8 310689. O. .20444E-09 .42271E-09 0. .40903E-10 .54465E-06 .82058C-04312454. O. .17676E-09 .423'.iE-09 0. .40746E-10. .53608C-06 .80871E-04314219 O. .15918E-09 .*1979E-09 0. .40611E-10.*.52765E-06 .79701E-04315984 O. .1357FE-09 .41843C-09 0. .40480E-10 .51936E-06 .78548E-04! 31tf50. O. .12 0 7 A E -P'; .41709E-09 0. .40349E-10 .51121E-06 .77413E-04319515. O. .10858E.09 .41574E-09 0. .40219E-10 .50320E-06 .76295E-04
.

*
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.. .t tea 4 CM245 PU242 U238 PU238 U234 1942 3 0 R1226321280. O. .98659E-10 .41490E-09 8. .40090E-10 .49533E-06 .75353C-04

,

323045. S. .90594C-10 2'1307E-09 0. .39950E-10 .48758E-06 .79108E-04
. .

324011. D. .84045C-10 41173E-09 9. .37832C-10 .47976E-05 .73 039E-04
.

h-

326576. O. .787280-10 .41041E-09 8. .39703E-10 .47247C-06 .71986C-04328341. O. .74415C-10 .40908E-09 O. .39575E-10 .46510E-06 .70999E-04
-

330107. O. .70918E-10 .40777E-09 0. .39448C-10 .45785E-06 .69926E-04331572. O. .68084E-10 .4 064 5E- 09 9. .39321E-10 .45071E-06 .68919E-04333637. O. .65789E-10 .40519E-09 8. .39199E-10 .44369E-06 .67927E-09' 3354C2. 3. .63132E-10 .40384E-05 9. .39067E-10 .93679E-06 .66950[-04337165. O. .62429E-10 .40253E-09 0. .38942E-10 .4*999C-06 . 659 8 7E-0 4
*

338933. O. .61213E-10 .40124E-09 0. .38916E-10 .42331E-06~ .65039E-09'

340699. O. .60231E-10 .39994E-09 0. .38691E-10- .41673E-06 .69104E-04342464. O. .59437E-10 .39865E-09 8. .38566E-10 .41025E-06 .63184E-04399229. D. .587160-10 .39737E-09 9. .38442[-10 .40388E-06 .62276E-04
' ' 345994. O. . 58 2 78 E- 10 .39609E-09 c. .38318E-10 .39761E-06 .61383E-04347759. O. .57861E-10 .39481E-09 0. .38194E-10 .39144E-06 .60502E-04349525. O. .57524E-10 .59354E-09 0. .380f1E-10 .385 3 7E-06 .59635E-04

-'
351290. O. .57252E-10 .59227E-09 0. .379490-10 .3 79 39E-06 .58780E-09353055. O. .57033E-10 .39101E-89 8. .37526E-10 .37350E-06 .57938E-04359920. D. .56857E-10 .38975E-09 0. .37704E-10 .36771E-06 .57108E-04( 356586. O. .56715E-10 .388490-09 0. . 3 758 3C-10 .36201E-06 .56291E-04358351. D. .56600E-10 .38724E-09 8. .37962E-10 .35640E-06 .55986E-09

'

360116. O. .56508E-10 .38599E-09 9. .37341E-10 .35088E-06 .54692E-04() 361882. O. .56434E-10 .38474E-09 8. .37221E-10 .34549E-06 .53910E-04363647. O. .56374E-10 .3835DE-09 c. .37101E-10 .39009E-06 .53140E-04365412. O. .56326E-10 .38227E-09 9. .36981E-10 .33483E-06 .52381E-Og( 3671TT. O. .56287E-10 .38104 E-09 0. .36862C-10 .32964[-06 .51633[-04
,

368943. O. .56256E-10 .37981E-09 0. . 3 67 4 3E- 10 .32459E-06 .5089 7E-0 4 8
,

g 3 7 0 f 05. O. .56231E-10 .37858E-09 9. .36625E-10 .31951E-06 .50171E-04( y 3F2473. D. .56211C-10 .37 7 36E-09 8. .3650iE-10 .31957E-06 .99955E-09 I374239. O. .56195C-10 .37615E-09 0. .36389E-10 .30970E-06 .48751E-04
*

3 F60 04. O. .56182E-10 .37993C-09 0.. * .36272C-10 .30991E-06 .45056E-04377769. O. .56171C-10 .37373C-09 9. .36155E-10 .30019E-06 .47372E-04
*

-

379534. O. .56163C-10 .37252E-09 0. .36038E-10 .29551E-06 .96698E-04381300. O. .56156E-10 37132E-OS 0. .35922E-10 .290970-06 .46033E-04t 383065. O. .56151E-10 .37012E-09 0. .35506E-10 .28647E-06 .95379E-04384930. O. .5614 7 E- 10 .36893C-be 0. .35691E-10 .28204E-06 .44739E-On. 386595. O. .56143E-10 .36774E-09 0. .355760-10 .2F768E-06 .44098E-048 (* 388361. O. .56140E-10 .36656E-09 0.
,.

.35961E-10 .273380-06 .43472E-04
*

390126. O. .56139E-10 .3653fE-89 0. .35397E-10 .26916E-06 .42855E-09
*

'
391891 O. .56136E-10 .36420E-09 0. .35233E-10 .26999E-06 .4 22 4 7E-0 4* 393657. G. .56135E-10 .36302E-09 0. .35119E-10 .26090E-06 .41648E-04395422. O. .56134E-10 36185E-09 0. .35006E-10 .25686E-Q6. 91057E-04

*

397187. O. .56133E-10 .36069E-09 0. .34593E-10 .25289E-06 .iO476E-09398952. O. .56132E-10 .35952C-09 0. .39781E-10 .24898E-06 .39902[-09400138. O. .56131E-10 358 3bE-09 0. .34669E-10 .24513C-06 .39337E-04
'

402483 O. .561310-10 .35721E-09 8. .34557E-10 .2 413 4 E- 0 6 .38781E-09(* 404298. O. .56''OE-10 .35606E-09 0. .34445E-10 .23761E-06 .38232E-09 I
* 406013. O. . St i 'Tf-10 .35491E-09 0. .34339E-10 .23394E-06 .37692 E-0 4401779 G. ." ,E-10 .35377E-09 0. .34224E-10 .23032E-06 .37159E-09( 409594. O. aE-10 .35263E-09 0 .34113E-10 .22676E-06 .36639E-09 I411309 O. . .90-10 .35149E-09 0. .34004E-10 .22326E-06 .36117E-044130TS. O. ..;129r-10 .35036E-09 0 .33894C-10 .21981E-06 .35608E-09414840. O. .56129E-10 .349'23C-09 c. .33785E-10 .21641E-06 .35105E-09

,

: 416G05. O. .56129E-10 .34810E-09 0. .33676E-10 .21307E-06 .34611E-04418310. D. 561290-10 .34698E-09 0. .33567E-10 .2 09 7 7E-0 6 .34123E-04
-

420136. O. .56129E-10 .34586E-09 0. .33459E-19 20653E-06 .33692C-09421901. O. .56 29E-10 .34475E-09 0 .33351E-10 .20334E-06 .33169E-04
-

423666. O. .56129E-10 .34364E-09 0. .33249E-10' .20020E-06 .32702E-09 .425431. O. .56129E-10. .34253E-09 0., .33137E-10 .19710E-06 .32242E-04 ,

.
*
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. _ __ _ _.. ... s. .~ ~ ~. 2 . e - L - - " - - -" ' -TEA 4 C:245 PU242 U238 PU238 U234 TH230 QA226427197. O. .55129E-10 .34142E-09 0. .33030E-10 .19406E-06 .31789E-04428962. O. .55129E-10 .34032C-C9 0. .32923C-10 .19106E-06 .31342E-04430F27. O. .56129E-10 .33923E-09 C. .32817[-10 .18211[-06 .30902C-04
,

4 3 2 4 'A 3. 4 .5612SE-10 .33813E-09 5. .32F11E-10 .18520E-06 .30468E-04 -

*

*-

934258. O. .56129E-10 .33704C-09 0. .32606E-10 18234E-06 .30041[-04
r

436023. O. .56129E-10 .33596E-09 0. .32501E-10 .17952E-06 .29620E-04
*- -

.

43FF88. 0.- .56129E-10 .33487C-09 0. .32396E-10 .17675E-06 .29204E-04
*-

439554. 9. .56129E-10 .33379E-01 0. .32292E-10 .17402E-06 .28795E-04441319. O. .56129E-10 .33272C-09 0. .32188[-10 .17133E-06 .28392E-04443089. 9. .56129E-10 .33165E-09 0. .32084E-10 .16868E-06 .27995E-04449899. O. .561290-10 .33058E-09 9. .31980E-10 .16608E-06 .27603E-04446615. O. .56129E-10 .32951E-09 c. .31877C-10 .16351E-06 .2 F217[-0 4
-

498380. O. .56129E-10 .32845E-09 0. .31775E-10 .16098E-06 . 26 8 37E- 0 4450145. 9. .56129E-10 .32739E-09 0. .31672C-10 .15850E-06 .26462E-04|I 451911 O. .56129E-10 .32633C-09 0. .31570E-10 .15605E-06 .26092E-04453676. O. .56129E-10. .32528E-09 0. .31468C-10 .15364E-06 .25728E-04
,

455441. O. .56129E-10 .32423E-09 c. .31367E-10 .15126E-06 .25370E-04(' 45F206. O. .56129E-10 .32319E-09 0. .31266E-10 .19893C-06 .25016E-04

,

458972. O. .56129E-10 .32215E-09 0. .31165E-10 * .14663E-06 .24667E-04460F37. O. .56129E-10 .32111E-09 0. .31064E-10' .19436E-06 * .24324E-041i 462302. O. .56129E-10 .32007E-09 0. .30964E-10.. 14213E-06 .23985E-04464268. O. .56129E-10 .31904E-09 0. .30865E-10 .13994E-06 .23652E-04466033. O. .56129E-10 .31801E-09 0. .30765E-10 .137F7E-06 .23323E-04(* 467F98. D. .56129C-10 .31699E-09 0. .30666E-10 .13565E-06 .22999E-04469563. O. .56129E-10 31597E-09 0. .30567E-10 .13355E-06 .22679E-04471329 O. .56129E-10 .31495E-09 0. .30469E-10 .13149E-06 .22364E-04i ' L 4F3094 O. .56129E-10 .31393E-09 0. .30370E-10 .12946E-06 .22054E-04$ 474859 O. .561290-10 .31292E-09 9. .30272E-10 .12F46E-06 .21798E-04
''* 476624 O. .56129E-10 .31191E-09 0. .30175C-10 .12549E-06 . 214 4 7E- 0 4

,
( 4F8390. O. .561290-10 .31091E-09 0. .30078E-10 .32355E-06 .211500-04480155. O. .56129E-10 .30991C-09 0. .29981E-10 .12164E-06 .20857E-04 I;481920. O. .56129E-10 .30891E-09 0. 29884E-10 .11976E-06 .20568E-04( 483686. O. .561290-10 .30791E-09 0. .29F88E-10 .11791E-06 .20284C-04485451. D. .56129C-10 .30692E-09 0 .29692E-10 .11609E-06 .20003E-04

''
487216. O. .56129E-10 .30593E-09 0 .29596C-10 .114 30E- 06 .19 72 7E-0 46 (* 48R981. O. .56129E-10 .30494E-09 0. .295010-10 .11253E-06 .19454E-04

$
i 490747. O. .56129E-10 .30396E-09 0. .29405E-10 .31079E-06 .19186E-048 992512. O. .55129C-10 .30298E-09 0. .29311E-10 .10908E-06 .18921E-04(, 494277. O. .56129E-10 .30200E-09 0. .29216E-10 10740E-06* .18660E-04

"
'

496042. O. .56129E-10 .30103E-09 0. .29122E-10 .10574E-06,.38403E-04
.

8*

497808. O. .56129E-10 .30006E-09'0. .29028E-10 .10410E-06 .18150E-044 499573. O. .561290-10 .29909E-09 0. .28935E-10 .10250E-06 .17900E-04
-

501338. O. .56129E-10 .29813E-09 0. .28891E-10 .10091E-06* .17654E-04
,

503104. O. .56129E-10 .29717E-09 0. .28748E-10 .99353E-07 .17411E-04 * I

*

! (f 504869 4. .56129E-10 .29621E-09 0. .28656E-10 .97818E-07 .17172E-04 -

* *

506634 O. .56129E-10 .2952SE-09 0. . 2856 3E-10 .96307E-07 .36936E-04 *1 508399. O. .56129E-10 .29430E-05 0. .28471E-10 .94820E-07 .16703C-04L 510165. O. .56129E-10. .29335E-0% 0. .283F9E-10 .93355E-07 .16474E-04
d

2
I 511930. O. .56129E-10 .29241E'09 0. .28288E-10 .91913E-07 .16248E-04

*

513695. O. .56129E-10 29147E-09 0. .28197E-10 .90493E-07 .16026E-04 ,( 515461. Q. .56129E-10 .29053E-09 0. .28106E-10 ".89095E-07 .15806E-04 ''51 F2 26. O. .56129E-10 .28959E-09 0. .28015E-10 .87719E-07 .15590E-04518991. D. .56129C-10 .28866E-01 0. .27925E-10 .86364E-07 .1537 7E-0 4520F56. O. .56129C-10 .287I3E-09 0. . 278 35 E- 10 .85030E-07 .15166E-04 ?$ 522522. G. .56129E-10 .28680E-09 0. .27745E-10 .83717C-07 .19959E-04524287. O. .56129E-10 .2858,E-09 0. .27656E-10 .82423C-07 .19755E-04526052. O. .561290-10. .28495E-49 0. 27567E-10 .81150E-07 .19553C-0452781F. '. .56129E-10 .28403E-09 0. .2 74 78 E-10 .79897E-07 .19355E-04529583. b. .56129E-10 .28312C-09 0. .27389E-10 .78663E-07 .14159E-09531348. G. .5612SE-10 .28221E-09 0., .27301E-10 .77448E-07 .13966E-04
.

,

9
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, .,.m , ,, .:_...... .l. _ .e'. ~*I -N"4-- - "- - ' "BLK4 CM295 P0292 U238 PU238 U239 TH235 C1226513113. O. .56129E-10 .28130E-09 0. .2F213E-10 .76251E-07 .137F6E-09534879. O. .55149E-10 * 28039E-09 0. * *
. .2712SE-10 .75073E-07 .13548E-04536694. O. .56129E-10 .27549E-09 0. .27038E-10 .73914E-07 .13404E-04 ,

,

538409. O. .55129E-10 .27859E-09 9 .26951E-10 .72772E-07 .13221E-04540174. O. .56129E-10 .27769E-09 0. .26964E-10 .71648E-07 .130420-09541740. O. .56179C-10 .27679E-09 0. .26777C-10 .70541E-07 .32865E-09543105. D. .56129E-10 .27590E-01 0. .26691E-10 .69452E-07 .12690E-04
'

5954FO. O. .56129E-10 .27501E-09 c. .26605E-10 .683t9E-07 .12518E-04547235. O. .561290-10 .27412C-09 0. .26519E-10 .673230-07 12348E-04599001. O. .56129E-10 .27324C-09 0. .26439E-10 .66283C-07 .12181C-04550766. O. .56129E-10 .2 7 7 36E- 09 0. .26348C-10 .65259E-07 .12016[-04
,

552531. O. .56129E-10 .27148E-09 0. .26264E-10 .64251E-07 .11854E-0455429F. O. . 5 612 9 E- 10 .27061E-09 0. .26179E-10 .63258E-07 .11693C-04556062. C. .56129E-10 .26974E-09 0. .260990-10 * .62281E-07 .11535E-04{f 55 F8 27. D. .56129E-10 .26887E-09 0. .26010E-10 .61319E-07 .11379E-091 559592. O. .56129E-10 .26800E-09 0. .25927E-10. .603F2E-07 11226E-094 561358. O. .56129E-10 .26714E-09 0. .25843E-10 .59440E-07 .11074E-04i 563123. O. .56129E-10 .2662iE-09 0. .25F60E-10. .58521E-07 .10925E-09
,

569688. D. .56129E-10 .26542E-09 0. .25677E-10 .5T618E-07 .10778E-04
*

566659. O. .56129E-10 .26956E-09 0.- .25594E-10 '.56728E-07 10633E-04 *( 568419. O. .56129E-10 .26371E-09 0. .25511E-10 .55851E-07 .10990E-09i 570184. O. .561290-10 .26286E-09 9. .25429E-10 .54989E-07 .30399E-04SF1997. O. .56129E-10 .26201E-09 0. .25397E-10 .54139E-0F .10210E-04t 573F15. D. .56129E-10 .26117E-09 0. .25265E-10 .53303E-07 .10072E-09
'

575480. O. .56129E-10 .26032E-09 0. .25184E-10 .52980E-07 .99372C-0557F245. O. .56129E-10 .25948E-09 0. .25103E-10 .51669E-07 .98039E-05
g ('. SF9310. O. .56129E-10 .25865E-09 0. .25022E-10.| 580776. O. .56129E-10 .25781E-09 0. - .2 49 41 E-10 ' .50871E-07

.96724E-05
.50085E-07 .95428E-05L 582591. O. .56129E-10 .25698E-09 0. .24861E-10 .99311E-07 .99151E-05g I' y 589306. O. .56129E-10 .25616E-09 0. .24781E-10 .99550E-07 .92891E-05 ' .

g

* 586072. O. .56129E-10. .255 35E-09 0. .24701E-10 .47800E-07 .91698E-051 587837. O. . 5 612 9 E- 10 .25451C-09 0. .24621E-10 .47062C-07 .50423E-05| l $89602. O. .56129E-10 .25369E-09 0. .24592E-10 .46335E-07 .89216E-05| 591367. D. .56129E-10 .252 87E- 09 0. .24963E-10 .45619E-07 .88025E-05. 593133. O. .56129E-10 25205E-09 9. .24384E-10 .44919E-07 .86851E-05| (a 594898. O. .56129E-10. .25124E-09 0. .29305E-10 .44221E-07 .85693E-05596663. O. .56129E-10 .2 5 0 4 3E-09 0. .24227E-10 .43537E-07 .89551E-05
a

3 598428. O. .56129E-10 .24962C-09 0. .24149E-10 .42865C-07 .83925E-05(' 600199. O. .56129E-10 .24882E-09 0. .290FIE-10 .42203E-07 .82315E-05
,

601959. 'O . .56129E-10 .24802C-09 9. .23993E-10 .41551E-07 .81221E-05
.

*

603F24. O. .56129E-10 .24722E-09 0. .23916E-10 .40909E-07 .80141E-05

a

( 605490. D. .56129C-10 .24642E-09 9. .23839E-10 .90277E-07 .790F7E-05
'

607255. O. .56129E-10 .24563E-09 0. .23T62E-10 .39655E-07 .78027E-05 '

*

609020. D. .56129E-10 .24483C-09 0. .23686E-10 .39093E-07 .76993E-05610F85. O. .56129E-10 .24905E-09 0. .23609E-10 .38440E-07 .75972C-05612551. O. .56129E-10 24 326E-09 0. .23533E-10 .37846E-07 .79966E-05619316. O. .56129E-10 .2424TE-09 0. .23457E-10 .37261E-07 .73973E-05(1 616081. O. .56129E-10 .24169E-09 0. .23382E-10 .36686E-07 .72995E-05617947. O. .56129E-10 .24091E-09 0. .23306E-10 .36119E-07 .720300-05
.

| 619612. O. .56129E-10 .24019E-09 0. .23231E-10 .35561E-07 .71078E-05

'

| (. ) 621377. O. .56129E-10 .23936E-09 0. .23156C-10 .35012E-07 .70140E-05 '623142. O. .56129E-10 .23859E-09 0. .23082E-10 .34471E-07 .69215E-05629908. O. .56129E-10 .23782E-09 0. .23007E-10 .33939E-07 '.68302E-05626673. D. .56129E-10 .23T06E-09 0. .22933E-10 .33414E-07 '.67402E-05
*

628938. O. .56129E-10 .23629E-09 0. .22959E-10 .32898E-07 .66514E-05
'

630203. O. .56129E-10 .23553E-09 0. .22T85E-10 .32390E-07 .65639E-05631969 O. .561290-10 .23417E-09 0. .22712E-10 .31890E-07 .64776E-05633734. O. .56129E-10 .23901E-09 0. .22639E-10 .31397E-07 .63925E-05635499 O. .56129E-10.*.23326E-09 9. .22566E-10 .30912E-07 .63085E-05 .637265. O. .56129E-10. .23251E-09 0.y .22493E-10 .30435E-07 .62258E-05
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TE M CM246 PU242 U23S PU238 U234 TH230 A4226639030. c. .55129E-10 .23170E-09 0. .22421E-10 .29945E-07 .61441E-05640793 O. .56129E-10 .23101E-09 0 . 2 23 4 8 E- 10 .29502C-07 .60636E-05 .642560 O. .56129E-10 .23027E-09 0 .22276E-10 .29046E-07 .59842E-05644125. O. .56129E-10 .22953E-09 c. .22205E-10 .28597E-07 .59059E-05
*

* 646091. O. .56129E-10 .22873E-09 0. .22133C-10 .2815&E-07 .58286E-05647856. O. .56129E-10 .22805E-09 0 .22062E-10 .27721E-07 .57524C-05649621. O. .56129E-10 .22 7 31E-99 0 .21490E-10 .27293E-07 .567t3E-05651387. D. .56129E-10 .22658E-09 0. .23920E-10 26871E-07 .36032C-05653152. D. .56129E-10 .22585E-09 c. .21849E-70 .26456E-07 .55301E-05654917. O. .56129E-10 .22512E-09 0 .21779E-10 .26047E-07 .54580E-05656683. O. .56129E-10 .22440E-09 0 .21708E-10 .25645E-07 .53869E-05( 658498. O. .56129E-10 .225t1E-09 0. .21638E-10 25249E-07 .53168E-05660213. O. .56129C-10 .22295E-09 0. .23569E-10 .24859E-07 .52477E-05661978. O. .56129E-10 .22223C-09 0. .21499E-10 .24475E-07 .51795E-05I 663F44 O. .56129E-10 .22152E-09 0. .21430E-10 24097E-07 .51122E-05| 665509. O. .56129E-10 .22080E-09 0. .21361E-16 .23725E-07 .50 4 5 8E-0 5s 667274 O. .56129E-10. .22009E-09 0 .21292C-10 .23358E-07 .49804E-05!? 669040. O. .56129E-10 .219 38E-09 0 .21223E-10 .229 9 7E-0 7 . 4 915 8C-0 5

.

, 670805. O. .56129E-10 .21867E-09 0. .21155E-10 22642E-07 .48521E-05
,

672570. O. .56129E-10 .21797E-09 0. .21087E-10 .22293E-07 .47893E-05
,

(, 674335. D. .56129E-10 .21727E-09 0. .21019E-10 .21948E-07 .47274E-05676101. O. .56129E-10 .21657E-09 0 .20951E-10 21609E-07 .46663E-05
*

*'
677866. O. .56129E-10 .21587E-09 0. .20883E-10 21275E-07 .46060E-05( 679631. O. .56129E-10. .21517E-09 0 .20816E-10 .20947E-07 .45466E-05481396. O. .56129E-10 .21448E-09 0. .20749E-10 .20623E-07 44879E-05b83162. O. 56129E-10 .21379E-09 0. .20682E-10 .203 0 5 E-0 7 .44301E-05

,

( 684927. O. .56129E-10 .21310E-09 0. .20615E-10 .19991E-07 .43730E-05

i
,

| g 686692. O. .56129C-10 .21241E-09 c. .20599E-10 .19682C-07 .43167E-05
*

| f 688453. O. .56129E-10 .21173E-09 0. .20483E-10 .19378E-07 42612E-05
'( 690223. O. .56129E-10 .21104C-09 0. .20417E-10 .19079E-07 .42064E-05691988. O. .56129E-10 .21036E-09 0. .20351E-10 .18 7 8 4 E-0 7 .41524E-05

,

693F53. O. .56129E-10 .20969E-09 0. .20285E-10 .18494E-07 .40991E-05
.

695519. O. .56129E-10. .20901E-09 0. .20220E-10 .18208E-07 .40465E-05697284. O. .56129E-10 .2 0 8 34 E- 09 0. .20155E-10 .1792 7E-0 7 .39947E-05699049. O. .56129E-10 .20767E-09 0. .20090E-10 .37650E-07 .39435E-05t 700914. O. .56129E-10 .20700E-09 c. .20025C-10 .17378E-07 .38931E-05702580. O. .56129E-10 20633E-09 0. .19960E-10 17109E-07 .38433E-05704345. O. .56129E-10 .20566E-09 0. .19896E-10 .16845E-07 .37942E-05( 706110. O. .b6129E-10 .2050DE-09 0.
.

.19832C-10 .16585E-07 .37457E-05| 107S76. G. .56129E-10 .2 0 4 34 C- 09 0. .19768C-10 .16329E-07 .36979E-05
. .

* '

e 709641. O. .56129E-10 .2036BC-09 0. .19704E-10 .16076E-07 .36508E-05711406. O. .56129E-10 .20302C-09 0. .19641E-10 .15828C-07 .36042C-05 ,
-

713171. O. .561290-10 .20237E-09 c. .19578E-10 .15584E-07 .35584E-05, 714937. O. 56129C-10 .20172E-09 0. .19514E-10 .15343E-07 .35131E-05! 716702. O. .56129C-10 .20107E-09 0. .19451E-10 .15106E-07 .34684E-05; 718467. O. .56129C-11 .20042C-09 0. .19389E-10 .19873E-07 .34244E-05; 720233. O. .56129E-10 .19977E-09 0. .19326E-10 .19643E-07 33809E-05g () 721998. O. .56129E-10 .19913E-09 0. .19264E-10 .14417E-07 .33380E-05723763. O. .56129C-10 .19 8 49E- 09 0. .19202E-10 .14194E-07 . 3295 7E-0 5
, *

g 725520. O. .56129E-10 .19785E-09 0. .19140E-10 .13975E-07 .32539E-05
*

! (i 727294. O. .5G129E-10 .19721E-09 0. .19078E-10 .13759E-07 .32127E-05 '
*

729059. O. .561290-10 .19657E-09 0. .19017E-10 .13596E-07 ,31721E-05730824. D. .56129E-10 .19594E-09 0. .18756E-10 .13 3 3 7E- 0 7 .31320E-05732589. D. .56129E-10 .195'1E-09 0.3 .18894E-10 .13131E-07 .30925E-05
,

734355. D. .561290-10 .19468E-09 0. .18834E-10 .12928E-07 30534E-05736120. D. .56129C-10 .19405E-09 0. .18773C-10 .12729E-07 .30149E-r5737885. D. .56129E-10 .19343C-09 0. .18712E-10 .12532C-07 .29769E-05739651. D. .56129E-10 .19280E-09 0. .18652E-10 .12339E-07 .29394E-05741416. D. .56129E-10 .19218E-09 0. .18592E-10 .12148E-07 .29029E-05 -743181. O. .56129E-10. .19156E-09 0.. .18532E-10 .11960E-07 .26660E-05
.
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744996. O. .56129E-13 .19094E-09 9. .18472E-10 .11776E-07 .28299E-05746712. D. .56129E-10 219 033E-09 0 .18413E-10 .11594E-07 .27944E-05
. *

74847F. O. .56129C-10 .18972C-09 0. .18 35 3C- 10 .11415E-07 .27594E-05
.

750292. O. .561290-10 .18910E-09 0. .18294E-10 .112 3E E- 07 .27248E-05752001. O. .56129E-10 .l8849E-09 0. .18235E-10 .11065C-07 .26906E-05
*

753FF3. D. .56129E-10 .18789E-09 0. .18176E-10 .10894E-07 .26570E-05755538. D. 56129E-10 .18728E-09 9. 18118E-10 .10726E-07 .26231E-05T57303. O. 56129E-10 18568E-09 0. 18059E-10 .10560E-07 .25909E-05
,

759069. O. .56129E-10 .18668E-09 0. .18001E-10 .10397E-07 .25586E-05760839. O. .56129E-10 .18598E-09 0. .17993E-10 .10236E-07 .25266E-05762599. O. .56129E-10 .18988C-09 4. .17885E-10 .10078E-07 .24951E-05764364. O. .56329E-10 .18428E-09 6. .17828E-10 .99225E-08 .24641E-05766130. O. .56129E-10 .18369E-09 0. .17770E-10 .97692E-08 .24334E-05767895. O. .56129E-10 .18310E-09 0. .17713E-10 .96183E-08 .24031E-05' 769660. O. 56129E-10 .18251E-69 0. .17656E-10 .94698C-08 .23732E-05771426. O. .56129E-10. .18192E-09 0. .17599E-10 .93235E-08 .23437E-05773191. D. .56129E-10 .38133E-09 0. .17592E-10 .91795E-08 .23197E-05
*774756. O. 56129E-10 .18075E-09 0. .17486C-10 .90378E-08 .22859E-05776121. O. 56129E-10 .18016E-09 0. .17429E-10 .88982E-08 12576E-05778987. Q. .56129E-10 .17958E-09 0. .17373E-10 .87608E-08 .222 9 7E-0 5)80252. O. 56129E-10 .17900E-09 0. 17317E-10 .86254E-08 .22021C-05 #

*

782017. O. .56129E-10 .17843C-09 0. .17261E-10 .84922C-08 .21748E-05783782. O. .56129E-10 .17185E-09 0. .37206E-10 .83611E-08 .21480E-05* 785598. D. .56129E-10 .17728E-09 9. .17150E-10 .82320E-08 .21215E-05787313. O. .56129E-10 .176712-09 0. .17095E-10 .81048E-08 .20953E-05
'

789078. O. .56129E-10 .17614E-09 0. .17040E-10 .7979FC-08 .20695C-05( 790894. O. .56129E-10 .17551E-09 0. .16985E-10 .78569E-08 .20490E-05' 792609. O. .56129E-10 .17500E-09 0. ~.16930E-10 .77351E-08 .20188E-05
'

L 794374. D. .56129E-10 .17 9 4 4 E-09 0. .16876E-10 .76157E-08 .19990E-05I$ T96139 D. .56129C-10 .17388E-09 0. .16821E-10 .79981E-08 .19695E-05* 797905. O. .56129E-10 17 3 32C- 09 0. .16767C-10 .73823C-08 .19453E-05
*

799670. D. . 5 612 9,E- 10 .17216E-09 9. .16713E-10 .72683E-08 .19214E-05801435. O. .56129E-10 .17220E-09 9. .16659E-10 .71560E-08 .18979E-05803200. O. .56129E-10 .17165E-09 0. .16605E-10 .70456E-08 .18796E-05804966. O. .56129E-10 '.17109E-09 0. .16552 C- 10 .69368E-08 .18517E-05806731. D. .56129E-10 .17054E-09 0. .16498E-10 .6829FE-08 .38290E-05808496. D. .561290-10 .16999E-09 9. .16445E-10 .67242E-08 .18067E-05818262. O. .56129E-10 .169 4 4E- 0 9 0. .16392E-10 .66204E-08 .17846E-05( 812027 O. .56329E-10 .36890E-09 0.
.

.16339E-10 65182E-08 .17629E-0 5
.

813792. 0. .56129E-10 .16835E-09 9. 16287E-10 .69176E-08 .17919E-05
,

'

. 815557. O. .56129E-10 .16781C-09 0. .16234E-10 .63185E-08 .17202E-058 * 817323. D. .56129E-10 .16727E-09 0. .16182E-10 .62209E-08 .16992E-05819089. O. .56129E-10 .16673C-09 0. .16130E-10 .61249E-08 .16786E-05820853. D. .56129C-10 .16619E-09 0. .16078E-10 .60304E-08 .16582C-05822619 O. .56129E-10 .16566r-09 0. .16026!-10 .59373E-08 .16380E-05824384 O. .56129E-10 .16512C-09 0. .15974C-10 .58457E-08 .16182C-05
*

826149. O. .56129E-10 .16959E-09 0. .1592 3C-10 .57554E-08 .15985E-05
.

t 827914 D. .56129E-10 .16406E-09 0. .15871E-10 .56666E-08 .15792E-05. 829680. O. .56129E-10 .16353E-09 0. .15520E-10 .55792E-08 .15601E-056 831445. O. .561290-10 .16301E-09 0. .15769E-10 .54931E-08 .15412E-05() 833212. O. .561290-10 .16248E-09 0. .15718E-10 .St083E-08 .15226E-05834975. O. .56129E-10 .16196C-09 0. .15668E-10 .53249E-08 .15042C-05836741. G. .56129E-10 .1614 3E-09 0. .15617E-10 .52427E-08 .19861E-05838506. O. .56129E-10 .16091E-09 0. 15567E-10 .51619E-08 .19682E-05$ 840271. O. .56129C-10 .16040E-09 0. .15517C-10 .50822C-08 .19505E-0584203T. D. .561290-10 .15988E-09 0. .15467E-10 .50039C-08 .14330E-05843802 O. .56129E-10 .15936C-09 9. .15417E-10 .49267E-08 .19158E-05845567. O. .56129E-10 .15885E-09 9. .15367E-10.'.48507E-08 .13 9 8 8E- 0 58973!2. O. .56129E-10 .15 8 34 E- 09 0. .15318E-10 .47759E-08 .13820E-05849098 O. .56129C-10 .15783E-09 0.. .15268E-10 .97023E-08 .13654E-05
.
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850563 c. . 5 612 9 E-10 .15F32C-09 0 .15219E-10 .96298E-CB .13491E-05852626. D. .56129E-10 .15681E-09 0. 15170E-10 .45585E-08 .13329E-05 ..854393 O. .56129E-10 .156310-09 0 .1512tE-10 .44882C-08 .13170E-058561 59 O. .56129E-10 .35580E-09 c. .15072E-10 .44191E-08 .13012E-05857924 c. .561290-10 .155 30E-09 0. .15024[-10 .43510E-08 .12857C-05
.

859689. 8. .561290-10 .15480E-09 4. .19975E-10 .92840E-08 .12703C-05861455. D. .56129E-10 .15430E-09 c. .19927E-10 42180E-08 .12552C-05863220 O. .56129E-10 .15380E-09 0. .19579E-10 .41530E-08 .12402E-05864985. C. .56129E-10 .153310-09 0. 19831E-10 .40891E-08 .12255E-05866F53. O. .56129E-10 .15281E-09 c. 14 7 8 3C- 10 .40262C-08 .12109E-05868516. O. .56129E-10 .15232E-09 0. .19736E-10 .39642E-08 .11965E-058 8F0281. O. .56129E-10 .15183C-09 0. .19688E-10 .39032E-08 .11823E-05 e
872046. O. .56129E-10 .15134E-09 0. 14641E-10 .38432E-08 .11683[-05 ,8F3812. O. .56129E-10 .150850-09 0. .19594E-10 .37841E-08 .11544E-05

,

1* 67557F. O. .56129E-10 .150370-09 0. .14 5 4 7 E- 10 .37259E-08 .11400E-05
,

i 877392. D. .56129E-10 19988E-09 0. 1*500E-10 .36687E-08 .11273E-0587910F. O. .56129E-10 .14 9 4 0E- 09 0. 14453C-10 .36123C-08 .31139C-05( 880873. O. .56129E-10 .19892E-09 0. .14406E-10 * .35569E-08 .11008E-05

.

882635. G. .561290-10 .14844E-09 0. .14360E-10 .35022E-08 .108 7 8E-0 5884403. O. .56129E-10 .19796E-09 0. 14314E-10 .34485E-08 .10749E-05I 886168. O. .56129E-10 .14748E-09 0. .14267E-10 .33956E-08 .10623E-05*88F934. O. .56129E-10 .14701E-09 0. .14221E-10 .33435E-08 .10498E-05
*

889699. O. .56129E-10 .14653E-09 0. 14176E-10 .32923E-08 .10374E-05I 891464. O. .5(129E-10 .14606E-09 0. .14130E-10 .32418C-08 .10252E-05893230. O. .5a129E-10 .14559C-09 0. .14084E-10 .31922C-08 .10132E-05
,

894995. O. .56129E-10 .14512C-09 0. .14039E-10 .314 33E- 08 .10013C-05(1 896760. O. .56129E-10 .14465E-09 0. .13994E-10 .30952E-08 .98957E-06
,

898525. O. .56129E-10 .19419E-09 0 .139 49E- 10 .30479E-08 .97798E-06900291. O. .56129E-10 .143F2C-09 0. .13904E-10 .30013E-08 .96653E-06
.

*i - 902056. D. .56129E-10 .14326E-09 0. .13859E-10 .29555E-08 .95523E-06
.
*

$ 903821. D. .56129C-10 .14280E-09 0. .13814E-10 .29104E-08 .94407E-06
*

905586. 3. .56129E-10 .14234E-09 c. .13FF0E-10 .28660E-08 .93305E-06907352. O. .56129E-10 .14188E-09 0. .13F25E-10 .28223E-08 . 92216E-0 6909117. 6. .56129E-10 .14142E-09 0. .13681E-10 .27793E-08 .91142E-06910982. D. .56129E-10 .14096E-09 0. .13637E-10 .27370E-08 .90080E-068 912648. O. .56129E-10 .14051E-09 0. .13593C-10 .26953C-08 .99032E-06914413. O. .56829E-10 .14006E-09 0. .13549E-10 .26544C-08 .37997E-06
,

916178. G. .56129E-10 .13960E-09 0. .13505C-10 .26141E-08 .86975E-06
*

i 917943. O. .56129E-10 .13915E-09 0. .13462E-10 .25744E-08 .85966C-06.919F09. c. .56129E-10 .13871E-09 0. .134190-10 .25354C-08 .84969E-06
*

921474. O. .56129E-10 .13826E-09 0. .13375E-10 .24970E-08 .03984E-06923239. O. .56129C-10 .13781E-09 0. .13332C-10 '.24592E-08 .93012[-06925005. O. .56129E-10 .13737E-09 0. .13289E-10 .24220E-08 .92052E-06926770. O. .56129E-10 .13693E-09 0. .13246E-10 .23855E-08 .31104E-06928535. O. .56129E-10 .13648E-09 0. .13204E-10 .23495E-08 .80167E-06930300. O. .56129E-10 .13604E-09 0. .131610-10 .23141E-08 .79242C-06| .
933831. O. .56129E-10 .13517E-09 0. .13076E-10 .22451E-08 .77426E-06

932066. O. .56129E-10 .13561E-09 0. .13119E-10 .22793E-08 .78328E-06'(
! 935596. O. .56129C-10 .13473E-09 0. .13034E-10 .22114E-08 .76535E-06* 937361. O. .56129I-10 .13430E-09 0. .12992E-10 .21783E-08 .75654E-06C' 939127. O. .56129E-10 13387E-09 0. .12950E-10 .21457E-08 .74785E-06940892. O. .56129E-10 13343E-09 0. .12909E-10 .21137E-08, .73926E-06942657. O. .561?9E-10 .13300E-09 0. .125670-10 .20821E-08 .73078E-06

'
944423. O. .56129C-10 .11258E-09 0. .12825E-10 .20511E-08 .72240E-06946189. O. .56129E-10 .13215E-09 0. .12784E-10 .20207E-08 .71412E-0694F953. O. .56129E-10 .13172E-09 0. .12743E-10 .19907E-08 .70594E-06949718. G. .56129E-10 .13130E=09 0. .12702E-10 .19612E-08 .69787E-06951484. O. .56129E-10 .13087E-09 0. .12661C-10 .19322E-08 .68989E-06953249. O. .56129C-10 13045C-09 0. .12620E-10 .19037E-08 .68201E-06955084. O. .56129E-10. .13003E-09 q. .12579E-10 '.18757E-08 .67422E-06

,

*
. ,

,

4 e *
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. _ _ _ , , ,,; . . 2: a -- --. ~"--L~- - " - ~ * - '' ' ' ' ' ' " ' '* YE AR Cit 246 PU242 U238 PU238 U234 7H230 CA226956779. D. .56129E-10 .12911E-09 0 ,12539E-10 .38402E-08 .66653C-06

*

158545. O. .55129E-10 .12920E-09 0. .12498E-10 .18211E-08 .65893E-06
* e

960310. 4. .56129E-10 .12878E-09 0. .1245BE-10 .17945E-08 .65143E-06
,,

.

962075. O. .56129E-10 .12836E-09 0. .12418E-10 .17593E-08 .64401E-06 .963341. O. .56129E-10 .12795E-09 0. .12378E-10 .17426C-08 .63669E-06965606. O. .56129E-10 .12759E-09 0. .12338E-10 .17174E-08 .62945E-06967311. O. 56129E-10 12713E-09 0. .12298E-10 .16925E-08 .62230E-06969136. G. .56129E-10 .12672C-09 0. .12259E-10 .16681E-08 .61524E-06970902. O. .561290-10 12631E-09 0. .12219E-10 .16441E-08 .60826E-06972667. D. .56129E-10 12590E-09 0. .12180E-10 .16205E-08 .60136E-06974432. G. .56129E-10 12550E-09 9. .12141E-10 .15974E-08 .59455C-06976198. O. .56129E-10 .12509E-09 6. .12101E-10 .15746E-08 .58782C-06977963. O. .56129C-10 .12469E-09 0. .12062E-10 .15523E-08 .58117E-06 '9I9F28. O. .56129E-10 12429E-09 0. .12 02 3C-10 .15303E-08 .57 4 59E-0 68 981493. O. .56129E-10 .12389E-09 0. .11385E-10 .15087E-08 .35610E-06

,

g 183259. O. .561290-10 .12 3 49E-09 0. .11946C-10 .19875E-08 .56168E-06985024. D. .56129E-10 .12309E-09 8 .11908E-10 .19667E-08 .55539E-06
*

8 966F8). O. .561290-10 32269E-09 0. .11869E-10 19463E-08 .54907E-06988554. O. .56129E-10 .122 30E-09 0. .11831E-10 .14262E-08 .54288E-06990320. O. .56129E-10 .12190E-09 0. .11793E-10 .14065E-08 .53676E-06992985. O. .56129C-10 .12151C-09 0. .11755E-10 .13871E-08 .53072C-06
*

993650. O. .56129E-10 .12112E-09 0. .11717E-10 .13681E-08 .52474E-06995616. O. .56129E-10 .12073C-09 9. .11679E-10 .13495E-08 .51883E-068 93F381. O. .56129E-10 .12034E-09 0. .11641E-10 .13312C-08 .51300E-06999146. O. .561290-10 .11995E-0* 0. .11604E-10 .13132C-08 .50723E-061000911. O. .56129E-10 .11956E-09 0. .115670-10 .12956C-08 .50153E-06i
.
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Sample Problems SA, 58, SC, and SD: Time Step Differences, *
-

1

Analytic Solution

Problem 5 has four parts. The purpose of SA-SC is
k to demonstrat'e the effects that different time steps have on DVM
j output. In'each case the space step is 600 ft. In part 5A we

-

i
j allow (as in the previous sample problems) the subroutine DXDT to -

, .

] determine DT. The resulting value is DT = 2500 yrs. In 5B we

i force a '.ime step of 8000 yrs and in SC a time step of'50 yrs.

This is done by entering the appropriate DT-values on the DVM

control card, BC(15). Problem 50 executes the analytic solution,

j on the same transport problem. This is done mainly for comparison
~

i
purposes.

Problem 5 uses a modification of the borehole
.

scenario of problem 4. Flow through the borehole is assumed to

access a single waste cavern rather than the entire depository.

The typical room size is 18 ft x 18 ft x 560 ft. Thus, leg 13 is
'

"

shorthned to 600 ft so that source length is comparable to room

size. In this instance we move legs 10 and 12 up-dip 7400 ft'. As.

a result, the lengths of legs 2, 3, 6, 7, 10, 12 and 13 and the

elevations of junctions 5 and 9 need to be adjusted. These are,

,

accomplished with the use of the dip angle.

The cross-sectional area of leg 13 is

AREA (13) = 560 ft x 18 ft
2= 10080 ft .

.

e
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3 The porosity of leg 13 is assumed to be .3. *
.

For simplicity a one member decay chain is transported. We

5j create an isotope, AA100, that is quite stable over 10 yrs,
20) 1.e., we assign a half-life of 10 years. It is arbitrarily

3given an initial inventory of 1000 ci and a KD of .3 ft /lb.*-

Leach time is 20000 years and dispersivity is 100 ft. -

'
'

Problems SA through 50 are executed in a single NWFT/DVM run

using 4 data sets. Data set 1 is for problem SA and is described

in terms of changes to problem 4 (Table ll-SP).
.

:

BC(l) A different title.

'

SAMPLE PROBLEM NO. 5

2BC(5) The cross-sectional area of leg 13 is set to 10080 ft ,

.,
,

*

BC(6) Altered leg lengths are

legs 2, 6, 13 length = 600 ft *

* legs 3, 7 length = 45400 ft

leg 10 length = 592.24 ft '

*
,

leg 12 length = 507.76 ft

.

.

BC(7) Altered junction elevations are

. junction 5 elevation = 3407.05 ft -

junction 9 elevation = 2307.05 ft

.

m
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J

BC(8) Porosity of leg 13 is assigned 0.3.
,

,

4,
'

y BC(12) The number of isotopes is 1 so only one description card
7

1

|| is required. It contains

! atomic mass = 100 -

)
isotope name = AA100

.

j component # = 1 .

] number of parents = 0 -

20half-life = 10 yrs

3:, initial inventory = 10 ci
n

;

-i

BC(13) Distribution coefficients for AA100 are 0 in~ legs 13 and
:'

312 and .3 ft /lb in legs 7, 8, and 15.
M

] BC(14) Leach time is 20000 years and dispersivity is 100 ft.
.

,

BC(15) This is to be a leach-limited run with automatic space and .

~

time step determination. Thus a blank suffices here. As a result

the BC(16) and BC(17) cards are not input. -

.

5BC(18) Set TUB = 10 years.
.

.

Data set 2 is for problem 5B.

Entries 1 and 15 of the INP array are set to 1 so that the option

and DVM control cards are reread.

. -

-164-
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BC(2) Set options 6 and 7 to 1 to suppress duplicated network

output.

BC(15) Set DX = 600 ft and DT = 8000 years..

.

5*

BC(18) Set TUB = 10 years. -
,

i -

: -

Data set 3 is for problem SC.
4

Entry 15 of the INP array is set to 1 so that the DVM control card
.

is reread.

.

'

BC(15) Set DX = 600 ft and DT = 50 years.
.

5BC(18) Set TU8 = 10 y ,,73,
,

Data set 4 is for problem 50.

Entry 1 of the INP array is set to 1 so that the options card is, .

|

reread.

( -

s

t BC(2) Set options 6, 7, and 13 to 1 and the remainder to zero.

.

5BC(18) Set TUB = 10 years.
.

i
'

Graphical displays of discharge rate vs time are depicted in

Figure 9-SP. Recalling the discussion of problems 3A and 3B an

I

.

$

''
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1

j analytic solution using a constant source boundary condition -
.

.s

should form a good basis for comparison to the DVM model for!

t

SA-SC. This is true mainly due to the fact that the source length

(600 ft) is small compared to the length of the migration path..

i

j (147308ft). .

1

! Thus problem SA represents the best numerical (DVM) solution *

.

to the transport problem. Problem 58 suffers from inadequate,

,

. ' , curve resolution. Problem SC exhibits numerical dispersion.
4

In terms of computation time if we let T = execution time
,

,

required by problem SA then
|

1/2 T execution time required by SB and,

21T execution time required by SC.
.

These estimates are based on a count of the numerical operations

required for each problem.' Code output.is contained in Table

12-SP.

'

.

e

e

.

.

9

0

e

0

e e
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Table ll-SP. Sample Problem 5 Input Data,

,

f

.

4

.

S AMPLE PR08 LIM NO. 5
BC 1

432.70 646.10 432 70 BC 2. 50.8 50.0 50.0. 50.0 40.0 40.0 40 0 40 0 BC 4
BC 3| 1.5E-6 10. 1.67E-6 10. 10. 1 57E-6 25 BC 46.E6 6.E6 6.E6 6.E6 1.8C6 1.8E6 1.8E6 1.8C6 BC 51. 1.0 1. 1.0 10080. 1. 1.2E8 -

BC 514500. 600. 45400. 100000. 14500. 600. 45400. 100000. BC 6
4

600. 592.24 500. 507.76 600. 1100. 1100. BC 63602.41 2502.91 1525.89 3414 81 3407 05 2819.81 2814.81 2314.81 BC 7

'

230F.05 2819.67 1719.67 425.89
.3 .3 .3 .3 .3 .3 .3 .3 BC 8

BC 7*

.03 .15 .03 15 .3 .03 .3 BC 88. O. O. O. O. O. O. O. 8C 91. .67 1. 1. 1. 1. O. BC 95 13 -12 7 8 15,

1 BC .10100. AA100 1 0 1.C20 1.E3 BC 12
.3 .3 .3 BC 122.E4 100. BC 13

BC 14
1.E5 BC 15

1 -

1 8C 18
11 BC 0

600. 8000. BC 2
1.E5 BC 15

1 BC 18*

600. 50. BC 0
1.E5 8C 15

1 BC 18
11 1 BC 0

1.5E5 BC *2
BC 18

_ . .
_

e

9

3 .

O

I

,
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10-3'
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.!

l At = 2500
--- At = 8000;

.i - - At = 50 .

e ANALYTIC
,' TRANSPORT ''

.

MODEL

i - - _.

N*! -

\ -S,10-4 --

m i N
o /
.h

3 / !
' !.O i i
F- /*
x | \.-

a I \LU

E . ,

< /I -

1 \-R ~

5 10-5 - 8 - -

\
-

r
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t
-

:
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'
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10-6 11 I I I \l

40 50 60 70 80 90 100

Time (years x 1000)
.

~

Figure 9-SP. Discharge Rates vs. Time
for Problem 5
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oPriDes i,. 2,. 3,0 ...+s,. 6 ., 1,. ... ... i... is,.12,. is,. i... is,. is,. 31,. i.'. 1,.."... 31.. ==.. 3..
-

NU40C R CF I SO TCPES 1
e

i
IS3 TOPE N AME HALF LIFE (TEARSS INITIAL AMOUNT (CI)

44100 1 000E*20 1.000E*.3

LEACH TIME a 2.000E+04 YEARS DISPERSIVITT = 1. 00C+.2 FEET
NO 0F WECTORS z O T!hE UPPER BOUNO = 1.00C+0s a

*4

.

.

'

Table'12-SP. Sainple Problem 5 Output .
.

(Pages 169 through 214 inclusive)

.

,

t

1. .

$.

.

*

.i

..

,| -
.

.

i

.

!

'

.

!

i (.
| -

|'',
.
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* +

a
- . '. . . . . . . . . . . . . . . a ' e 6 we ' n e ses. C . . . . * . 81b . ... * * . s * 41'4,i a a e a e a e a e. . . _

.

...........

. . ......... ......... . . . . . . . . . . ......... . . . . ' . ' . . .. UPPER . . . . . . . . . . .. AQUlFER .---. LEG 1 .--------------- . LEG 2 .--------------------. LEG 3 .------------. LEG g. INLET . ------- --- ---- - . O U I L E T .. . . . . . - . . - . . - . .. . ......... - ......... - ......... - ......... . ..................... -
-

- -
-

-

.........
- -

.......... - -. . . . - -. LEG 9 . LEG 10 . -
. . . .

-

- =........., ..........
',

- -
-

-t -, -- ..........
( .......... ..........

.

- . . - . . . .*

( ----- ---- . L E G 13 .------- .

. LEG 14 . LEG 15.
- . . - . . . .* .......... - .......... ......es..-( -

- -.......... .......... -
. . -

. . .,,. LEG 11
( . LEG 12

-.
-

. .
-

. . - -.......... ..........t
-

-

- -

; L ........... - -

a
-

-
-. . ......... - ......... -

-
' ......... . ......... -. LOWER . . . . . . . . . - . . -(' AQu1FER .---. LEG S .-------- ----. LEG 6 .--------------------. LEG 7 .---- ----. LES 8 .--------

.

INLET . . . . .
.

. . . .. . ......... ......... .................... .........

------R A DI ONUCLI OC MI G R A TI ON PATH------LEGS 13 -12 7 8 15

" UPPER AQUIFER INLET
( INLET PRESSURE = 62308 80.L8/FT*.2

.

.

ELEVATION = 3602 41 FT *

(e LOWER AQUIFER INLET
INLET PRESSURE = 93038.40 LB/FT. 2'

ELEVATION = 2502 41 FT*
.

OUTLET

GUILET PRESSURE = 62308.80 L8/FT.*2
(i ELEVATION = 1525 89 FT,

|
ELEVATIONS OF OTHER POINTS($ JUNCTION 4 (LEGS 1-2-98 = 3414.01 F T

,

j JUNCTION 5 (LEGS 2-3-10) = 340T.05 FT
JUNCTION 6 (LEGS 9-11-13) = 2814.81 FT

JUNCTION 7 ( LE GS 10-12-13 5 '= 2814.81 F T
JUNCTION 6 (LEGS 5-6-ill = 2314.81 FT
JUNCTION 9 (LEGS 6-7-123 = 230T.05 FT
JUNCTIONIO ELEGS 3-4-145 = 2819 6T FT
JUNCTION 11 (LEGS 7-8-14) = 1719.67 FT

JUNCTION 12 (LEGS 8-153 = 425.89 FT
.

*
LEG PROPERTIES

'
t LEG 1 LENGTH = 1.45E+04 FT .

*........ AREA = 6.00C+06 FT. 2

& 9 . .

-

%



" " " ~ ~ ' ' ' ~ - " '- ' ' * -**- * ' - - ' * - -- -- --pgMUSIII = +3300
ROC 4 DERSIfr a 1.190 02 L B /F T ee3

'FLUIO QENS!!T =e 6.23Ee01 LB/FTee3 , ,
,

FLUID WISCOSITY = le00C+00 CP

LEG PPOPERi!ES *

LEG 2 LEhGTH = 6.00E+02 FTeneseees AREA = 6.00Ee06 FT* 2
CON 3UCTIVITY = 1.83E+04 PT/TR

POROS!!T = .3000
NDCK DENSIff = 1.19E +0 2 LB /F re e 3

FLUID OENSlif 6 23E+01 LB/FTe e3=

PLUID WISCOSITT = 1.00E*00 CP
I

I eLEG PROPERTIES

LEG 3 LENGTH = 4 54E+04 FT', ( ......... AREA = 6.00E+06 FT++2
CONDUCTIVITT = 1.83E+04 FT/YR

POROSITF = .3000
t

ROCK DENSITY = 1 19E +0 2 LB /FTe e3
FLUID DENSITT = 6.23E+01 LB/FT**3

FLUID VISCOSlif = -1.00E+00 CP
=

LEG PROPERTIES

i e LEG 4 LENGTH = 1.00E+0S FTC. eseeense AREA = 6.00E+06 FTee2' 7 CON 30CIIVITY = 1.83E*04 FI/YRI*

PORO$lif = .3000i
ROCK DENSITT = 1.19E + 0 2 L B /F T e e 3 '

.

FLUID DENSITY = 6.23E+01 LB/FTee3e

FLUID VISCOSITY = 1.00E+00 CP

LEG PROPERTIES

LEG S LENGTH = 1.4 5E 04 F Teeeeeeen AREA = 1.80E*06 FTee2t CONDuOlivlif = 1.46E+04 FT/YR
..

.FtROSITY = .3000 . <

ROCK DENSITT = 1 19E +0 2 L8/FI+ *3( Flu!D DENSIIT = 6.23E +01 L8/FTe e3
FLUID VISCOSITY = 1.00C+00 CP

LEG PROPERTIES
*

s'

LEG 6 LENGTH = 6.0 0E+02 F T| l' eeeee. * AREA = 1 80E+06 FTee2'

, CONDUCTIVITY = 1.460+04 F T/ YR
6 POROSITY = .3000|(* ROCK DENSITY = 1.19E +0 2 LB /Fie = 3

FLUID DENSITY = 6.23E+01 L8/FTee3,

FLUID VISCOSITT = 1.00E+00 CP

LEG PROPERI1ES

LEb T LENGTH = 4.54E+04 FT .

eeeeeene AREA = 1 80E*06 FTe*2
CONDUCTIVIlf = 1.4 6E *04 F T/ YR

POROSITY = .3000 ,

ROCK DENSITY = 1 19E*0 2 LB/FTe *3
FLUID DENSlif = 6 23E+ 01 L8/FT* *3 "

FLUID VISCOSITY = 1.00E+00 CP
*

.
. . y -. . e * . . . . += - *

I

l .
'

.
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LcG e LENGTH = 1.00EeOS F Iseeeeees 41EA = le80E*06 Fie=2f
CONDUCTIVITY = le46C+04 FT/TR

P0:0$lif = .3000
ROCK OENSlif = 1 19E +0 2 LB/Fie*3.

FLUID DENSITY = 6 23E+01 LB/FT**3
FLUID VISCOSlif = 1.00E+00 CP

.

LEG PROPERi!ES

LEG 9 LENGTH = 6.00E+02 FTemeeeeee AREA = 1.00E+00 Fies2
CONOUCT!vlTf = 5 48E-04 FT/TR

PORo$1TT = .0300. 8 *

ROCK DENSITT = 1 6 5E +0 2 LB/F T* * 3 ,-FLUID DENSITY = 7.40E*01 LB/ Free 3
FLUID VISCOstir = 1. 4 3E e 0 0 CPi

,

LEG PROPERTIES

LEG 10 LENGTH = 5.92E +02 FTemeeeeee AREA = 1.00E+00 FTee2
CONOUCTIVITY = 3.65E+03 FT/YR(

POROSIIT = .1500
ROCK OENSITT = 1.4 5E +02 LB/F T* *3 e

FLUID DENSlif = 7.02E+01 LB/Fie *3 ,

FLUID VISCOSlif = 1.2TC+00 CP -.'.

LEG PROPERTIES *
,L*

R$ LEG 11 LENGTH = 5.00E+02 FT (t
' eeeemene AREA = 1.00E+00 FTee2

CONOUCTIVlif = 6 10E-04 FT/TR
POROSI TY = .0300

,

HOOK OENSITY = 1. 65E + 0 2 L B /F T e * 3
FLUID DENSJTY z 7.40C+0! LU/FT**3

, FLUID VISCOSITY = 1.4 3E +0 0 CP S*
r

LEG PROPERTIES
e

LEG 12 t.ENGTH = 5.08E+02 F Tseeeeeee AHEA = 1.00E+00 FTee2
CONDUCTIVITY = 3 65E+03 FT/YR -

,

PORO$lif = .1500
ROCK OENSITY = 1.4 5E * 0 2 LB/F T e e3

FLUID DENSITY = 7.40E+01 LB/Fiee3
,

*

FLUID VISCOSITY = 1 43E+00 CP,

'

, LEG PROPERilES (
8 LEG 13 LENGTH = 6.00C +02 F T

***o**** AREA = 1.01Ee04 FTee2 b*
CONOUCTIVITY = 3.65E+03 FI/YR

POROSITY = .3000.

' ROCK OENSITY = 1 19E +02 L8/Fiee3
FLUID DENSITY = 7. 4 0E* 01 LB/FTe e 3

FLUID VISCOSITY = 1.4 3E * 0 0 CP

LEG PROPfRTIES
.

LEG 14 LENGTH = 1 10E'*03 F T I
eseeeeen AREA = 1.00E+00 FTee2

CONOUCTIVITY = 5.73C-04 FT/TR
POROSITY = .0300

#
- e e e .
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I L UID DLNSi t t a' 7 + 9 0rea l Lit / flee'3
.. . . . . ._ ._. .- -r- *,

FLUID VaSCOSIly a 1.43Ce00 CP I.

* * . *

LE 6 PROPE Ai!ES
4.

LEG 15 LENGTH a 1.10E+03 FT
.

******** AREA a 1.20E+08 FT**2
CONDUCitVITY = 9.13E + 0 2 F T /Y R *

PORDS!It a .3000 *
* RDCX OENStif = 1.19E +0 2 L8 /F T * *3

FLUID DENSITY a 6.23E+01 LB/Fia*3
FLUID VISCOSITT = 1.00E+00 CP

UlSIRIBuil0N COEFFICIENTS BT LEG AND BY ISOTOPE'
.

AA100 e
LLGil 0.
L t G12 0.
L t. G i .30000E+00
LEG $ .30000E+00
LEG 1h .30000E*00

,

i

RETA4DATION FAC10R$ BY LEG AND BY ISOTOPE

AA100
i LEG 11 .30000E+01

LEGt2 .30000E+01 *LEE i .12000E+03,

l '* LLG B 12000E+03
*

,

t '1. LEGIS .12000E+03 (~*"
i

.

LE6 NO. ' LOW VOL. DARCY VEL. PORE VEL.*

(CU Fil/0Af FT/ DAY FT/ DAY'1 3.88E+06 6.47E-01 2.16E+002 3.88E+06 6.47E-01 2 16E*00*
3 3.88E+06 6.47E-01 2.16C+009 3.BBC+06 6.47C-01 2.16E+005 6.$ 6E + 0 5 3.66E-01 1 22E+00' 6 6.5 8E + 0 5 3.66E-01 1.22E+007 6.5BE+05 3.66E-01 1.22C+00g 8 6.56E+05 3.66E-01 1 22E*00.t 9 -7.22C-07 ~7.22E-07 -2.91E-0510 -4.87E+00 -4.87E+00 -3.24E+01

. ,
11 -8.09E-07 -8.09E-07 -2.70E-05'. 12 .-4.87E+00 -4.87C+00 -3.24E+01t 13 -B.79E-08 -8.72E-12 -2.91E-11 I*8
14 -5.83E-07 -5.83E-07 -1.94E-05

-

f.; ; 15 6.58E+05 5.98E-03 1.83E-02 (-
TOTAL PATH LENGTH (FT) = 1.9761E*05

FRON'DEPOSliORY MIDPT IFil = 1.9 7 31E + 05
'

$ AVERAGE FLUID VELOCITY (FT/f8 = 1.9695C+02

THE SPACE STEP *************** 01 = 6.00000E+02 FT
.

THE TIME STEPe*************** 07 a 2 50000E+03 Y'
NO OF SOURCE BLMS************ NSB a 1 ,

VELOCITIES AND PRODUCTION FAC TORS FOR E ACH SUBCHAIN CONSIDERED
i

DAU4HIER
, . . . PARENTts) AVERAGE VELOCITY .. DECAY / PRODUCTION FACTOREDTI COURANT N U18E R ..

>
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8 L en 34100 ' ~ " '- ' ' ^ ^ * ' ' ' ' ' ' ' '-* * ^ " ' ' ' '" A*
'

*

5000. O.
7500. 6 . * . *

10000 O. ..

12500. O.
15000. O. s

17500. O.
20000. O.
22500. O.
25000. O.

i 27500. O.
' 30000 O.
< 32500. O.

35000. O.
3F500. O. e

*i 40000. G. .

42500. O.,

45000. .51656E-29
i 47500. .97534E-17 *

50003. .57348E-11 ' '

52500. .12927E-07
55000. .14455E-05
57500. .21874C-04
60000. .81388E-04

t 62500. .12634E-03
65000. .13629E-03
67500. .13697E-03
70000. .13699E-03
72500. .13697E-03

L 75000. .13554C-03
y 77500. .11511E-03; i

* 80000 .55599E-04I 82500. .10650E-04
85000. .70096C-06*
87500. .15153C-07
90000. .10424E-09

(- 92500. .21656E-12
95000. .12389E-15

'

; 97500. .16 70 9E -19
8 8 * 100000. .40943C-24 *

*
1 .;

.

OPil3 NS 1,0 2,0 3eo 4.0 5,0 6,1 Tel 8,0 9,0 10,0 11,0 12.0 13,0 14,0 15,0 16,0 17,0'18,0 19,0 20,0 21.0 22e0 23,9
4 i

'

NO OF VECTORS a O TIME UPPER BOUND = 1.00E.05.

T HE SP ACE STEP. .. . . . .. ....... DX = 6.00000E*02 FT(i THE TIME STEP................ OT = 8.00000E+03 Y
f40 0F SOURCE BLKS............ NS8 a 1e

t
I.i

WELOCIIIES AND PRODUCTION FACIORS FOR EACH $USCHAIN CONSIDERED'

DAULHIER PARENI(St AVERAGE VELOCITT DEC4Y/ PRODUCTION FACTORt0T) COUR ANT NUN 454
A4100 (DECAT) .24753E+01 .10000E+01 .3313fE*02

.

*
.

.

- * . . . . . . . ..- - -

.
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16000. De
29000. De
32000. De .

40000. De
48000. De s
5L000. .990580-05
64000. 33990E-03
72000. .13tS3E-03 *

a 00 00. .67082[-04
88000. .10919E-05
96300. O.
104000. De

NO 0F VECTORS a 0 IIME UPPE R BOUNO a 1.00E*05
4

*.

THE SPACE STEPeeeen.......... DX = 6.00000E*02 FT*

THE TINE stEPeeeeeeeeeeeeee . DT s 5.00000E*01 f
NO CF SOURCE BLMS e e'e e e e e e ee se NSB = 1

i .

,
WELOCITIES AND PRODUCTION F AC TORS FOR EACH $UBCHAIN CONSIDERED04U3HIER PARENTESSt AVERAGE VELOCITV' DECAY / PRODUCTION FACTORIDT) COUR AN T NtsMcE R

.

A 4109 (DECAYS.

.24753E+01 1s000E e1 .20 710 E+ es(
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45150. .18246E-08
45200. .19540E-08
45250. . 21133 E-0 8
45300. .22F32E-08
45350. .24443C-08
45400. .26275E-08
45450. . 2 82 34 E- 0 8

.l 45500. .30328E-08
45550. .32568E-08
45600. .34960E-08
45650. .37516E-08'
45F00. .40246E-08
45750. .43159E-08
45800. .46269C-08*

45550. .49586E-08
.

45900. .53123C-08
95950. .56894E-08
46000. .60912E-08
96050. .65193E-08
46100. .69752C-08
46150. .74606E-08
46200. .797F2E-08

( 46250. .85269E-08 '
46300. .91114E-08
46350. .97329E-08

( 46400. .10394E-OF
1, 46450. .11095E-07

' e 46500. .11841E-07(' Y 46550. .12633E-07
46600. .13473E-07
46650. .14365E-07
46700. .15311E-07
46750. .16314E-07
96800. .1F377E-07

( 96950. .18504E-07
,

a 46900. .19 699E-0 7
a 46950. .2u963C-07 ,

a 47000. .22302C-07 *
,

4IS50. .23719E-07*

47100. .25219E-07
' ( 4 F150. .268050-07 'I 4F200. .28482E-07

47250. .30255E-07
! ( 47300. 32129E-07
I 4F350. .34109E-07

47400. .36199E-07
( 47450. .3840TE-07 '47500. .40737E-07

4F550. .43195E-07 ~

8 4F600. .45789E-07
44F650. .49523E-07

47700. .51406E-07
47F50. .54444E-07 *

47800. .57645E-07
4F850. . 61016E -0 7

*
47900. .64566E-07
47950. . &330 3E-0 7
48000. .72234E-OF i

48050. .76371E-07 .* .

e'
5

,

. ~ ''

.

l. . '

, , .. . .

|
a

.
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ntJ e instA La u; ill5 Cit'.N G E R a lE SE!/04y3 , ,

TEAR A4100
48100. .C0721E-07. . . * *
68150. .8529t[-07 ,

42200. .90101E-07
, 48250. .95151E-07'

48300. .30046E-06
48350. .10603C-06
48400. .11188E-06
4e450. .tle01E-06
48500. .32445E-06
48550. .13121E-06
48600. .13829E-06
48650. .145F2C-06
48700. .153500-06
48750. .163650-06
48400. .170190-06
48850. .lT913E-06.

48900. .18849E-06 .

48950. .19829E-06'

49000. .20853E-06
49050. .21925E-06
49100. . 2 3 0 4 6E -0 6 ,

49150. .24217E-06
49200. .25441E-06
49250. .26720E-06'

49300. .2 8 056E -0 6
49350. .29450E-06,

g 49400. .30906E-06
7 49450. .32426E-06

49500. .34011E-06(- 49550. .35664E-06
49500. .37388E-06

I 49550. .39185E-06
49700. .4105FE-06
49750. .43008E-06 4

49800. .45041[-06
49950. .47157E-06
**200. 49360E-06 i
49150. .51652C-06i

La 50000. .54038E-06 '-
,
' .

(50050. .56519E-06 .

50800. .59099E-06
4 50150. .61782E-06

| 50200. .64570E-06 4

6 50250. .67467E-06
(* 50300. .F0476E-06,

50350. .73602E-06 .

50400. .76847E-06' (, 50450. .80215E-06
50500. .S3710E-06 i'

! 50550. .87336E-06
;i 50600. .91097E-06

50550. .99997E-06 ,

50F00. .99 0 4 0 E -0 6
50750. .30323E-05 *

50800. .10757E-05
50950. .!!207E-05
50300. .11672E-05
50950. .12154E-05
51000. .12653E-05
51050. .13170E-05 *

.

t.

.- ;
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TIKA A4100

51100. .33109E-05
.51150 .19257E-05

51200. .19828E-05
51250. .15918E-05
51300. .16029E-05
51350. .16659E-05
51400. .1731tE-05

! 51950. .17989E-05
' 51500. .18678E-05

51550. .19395E-05,

51600. .20135E-05
8 51650. .20898E-05

51F00. .21686E-05
51T50. .22998E-05

8 51800. .23335E-05 *
51850. .29197E-05
51900. .25 086E -0 5 .

51950. .26002E-05
52000. .269950-05
52050. .27917E-05

* 52100. .28916E-05
52150. .29996E-05

I *

52200. . 3100 9 E -0 5
I 52250. .32099E-05

52300. .33219E-05'

52350. .34366E-05
i L 52900. .35550E-05

e 52450. .36767E-05
? 52500. . 3 8 018E -0 5

'

8, 52550. .39303E-Oh i
52600. .90622E-05>

t52650. .919FFE-05
52700. .43367E-05
52F50. .44799E-05
52500. .46259E-05
52850. 9FF61E-05, . *

. I 52900. .99302E-05
52350. .50882E-05

''( 53000. .52501E-05 .
i 53050. .59161E-05 ,

53100. .55862E-05
t 53150. .57609E-05

53200. .59389E-05 .

i 53250. .61216E-05
; 53300. .63087C-05

853350. .65001E-05
53900. .669610-05'

13 53950. .68965E-05
. 53500. . 71015E -05 1

I 53550. .73112E-05
( 53600. .75255E-05

853650. .77946E-05
. -

L 53T00. .796S4E-05 *

53F50. .81972E-05 *

! 53800. .89308E-05
'| 53850. .86699E-05

53900. .89130E-05 4

53950. .91617E-05
59000. .99155E-05 .

59050. .96799E-05 .

*

l *

1 i
'|

>

e e * .

a
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TEA 3 AA100
50100 .99386E-05 , . = *
54150 .10208E-04 .

54200. .30483E-04
54250. .30763E-04
54300. .11048E-04
54350. .Il339E-54
54400. .11636E-04
54450. .119380-04
54500. .12245E-04
54550. .12558E-04
54600. .12877E-04
'4650. .13201E-04
54700. .13531E-04,

54750. .1386FE-04
8 54S00. .1420BE-04

54450. .19555E-04 #

54900. .14908E-09 ,

54950. .35267E-04
55000. .15632E-04
55050. .16002E-04,

55100. .16379E-09
55150. .16F6tE-04
55200. .!F149E-04
55250. .17543E-04
55300. .17943C-04 .

55350. .18349E-09
(- 55400. 18761E-04e

G 55450. 19178E-04 *

Y' 55500. .19602C-04
( 55550. . 2 0 031 E -0 4.

46 55600. .20467E-04
55650. .20908E-04
55F00. .21356E-04
55750. .21809E-04 )
55900. .22268E-04'
55850. .22733E-04
55900. .23203E-04
55950. .23650E-04

,

56000. .24162E-04*
.

56050. .24650E-04
,

56100 .25144E-04
!t *6150. .25694E-04

56200. .26149E-04*

56250. .26660E-04
( 56300. .27176E-04

56350. .2F698C-04 (-
56400. .28226E-04

(, 56450. .28759E-04
56500. .2929 7E-0 4 l

56550. .29841E-04
( 56600. .30390E-04

*

I l'56650. .30945E-04
56700. .31505E-04
56750. .32069E-04 *

56900. .32639E-04
56S50. .33214E-04
56900. .33794E-04
56950. .34379E-04

. 5F000. .34969E-04
57050. .35564E-04 *

.

-
..

.
9
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'

TEca ca100
57100. .36163E-04
57150. .36767E-04 a

5F200. .373F5E-04
5F250. .37988E-04
5F300. .38605E-04
5F350. .39226C-04
57400. .39852E-04
57450. 40482E-04
57500. .41116E-04
57550 .41754E-04
57600. .42395E-04
57650. .43041C-04
SFF00. .43690E-04
57750. .44342C-04

* 57800. .44998E-04
5 F9 50. .45658E-04
5F900. .46321E-04 a

57750. .46986E-04
58000. .47655E-04
58050. .4832FE-04
58100. .49002E-04
58150. .496F9E-04
58200. .50359E-04

* 58250. . 5104 2E -0 4 ,

58300. .51727C-04
58350. .52414E-04

i 58400. .53104E-04
1, 58450. .53795E-04
g 58500. .54489E-04,( ' 58550. .55184E-04

t 58600. .55881E-04 I

1 58650. .565F9E-04
58F00. .57279C-04
58750. .5F981E-04
58900. .58683E-04
58850. .59387E-04
58900. . 60 09 2E -0 4

| 53750. .60797C-04
'

t 59000. .61504E-04 .

59050. .62211E-04 .

g
59100. .62918C-04,*

g 59150. .63626E-04
; 59200. .64334E-04

59250. .65043C-04,

59300. .65751E-04
59350. .66459E-04
59400. .6716TE-04

L 59450. .67875E-04
59500. .68583E-04 (

I 59550. .69289E-04
59600. .69995E-04*

59650. .70701E-04 s
59F00. .71405E-04 * ,

59F50. .72109E-04 *
,

59800. .72811E-04
59850. .73512E-04
59700. .74212C-04
59950. .74910E-04
60000. .75606E-04
60050. .76301E-04 *

',

!.

i

|< '
. . * *
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TEA 3 A4100
(60100. . 7699 4E-0 4 * * * *

60150. .7F681C-04 *

682E0. .78375E-04 *

,

60250. . 7 9 062C -0 4
60300. .79147E-04
60350. .80429E-04
60400. .8til0E-04
60450. .81T8FE-04
60500. .82462E-04
60550. .83134E-04
60600. .83804E-04
60550. .84470E-04
60F00. .85134E-04

g 60150. .85794E-04
I 60400. .86451E-04

60450. .87105E-04
60900. .87756E-04 .

( 60950. .88403E-04-

61000. .8 9 04 7E -0 4
61050. .89687E-04

8 61100. .90323C-04
61150. .90955E-04
61200. .91584E-04

( 61250. .92209E-04
4

61300. .92830E-04
61350. .93 9 4 7E-0 4

e' 61400. .94 059E -0 4
61450. .94668E-04 I'

,

g; 61500. .95272E-04
' i y 61550. .95672E-04 -

-

61600. 96467E-04
61650. .9T059E-04
61700. .97645E-04
61750. .98227E-04 ,

61800. .98805E-04
I 61850. .99378E-04

61900. .99946E-04
61950. .10051E-03,

t 62000. .50107E-03 "-
.

62050. .10162E-03 .
*

62100. .1021 TE-0 3(' 62150. .10 2 71 E-0 3
s62200. .10325E-03'

62250. .30379E-03
( 62300. .10432E-03

62350. .10484E-03
62400. .10 5 36E -0 3*

( 62450. .3058FE-03
1 62500. . 3 0 638E-03 k'

62550. .10689E-03
' 62600. .30739E-03

62650. .lOf88E-03 I'
62700. .30837E-03

,

62T50. .10885E-03 *

62800. . 3 09 33E-03
62950. .10980E-03
62900. .11027E-03
62950. .110T3E-03
63000. .11119E-0 3
63050. .11164E-03

,

,

.. _.

l

.

I t *
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YEAR AA100
63100. .11208E-03 ,

63150. .11253C-03 .

63200. .112*60-03
63250. .31339E-03
63300. .11382E-03
63350. .11424E-03
63400. .11465E-03
63450. .11506E-03
63500. .11547E-03
63550. .11587E-03 ?

63600. .11626E-03
63650. .11665E-03
63700. .11703E-03
63750. .11741E-03 *

* 63900. .11778E-03
$3850. .11815E-03

.63900. .11853E-03
* 63950. .11887E-03

64000. .11922E-03
64050. .11957E-03 +

a e 64100. .11991E-03
64150. .12025E-03
64200. .12058E-03

s 64250. .32091E-03
E4300 .12124E-03

.

64350. .12155E-03
4 64400. .12187E-03

e
, 64450. .12218E-03 .
U 64500. .12248E-03.

| i' 64550. .12278E-03'.

1* 64600. .12307E-03
64650. .12336E-03
64700. .12365E-03
$4750. .32393E-03

; 64800. .12420E-03
i 64850. .12447E-03

' 64900. .12474E-03
64950. .12500E-03 *-

( 65000. .12526E-03 .

| 65050. .12551E-03
,

t 65100. .12576E-03
(' 65150. .12601E-03

65200. .12625E-03 ~

,

| 65250.' .12649E-03
* e 65300. .12672E-03 |'.

65350. .12695E-03* ,

65400. .12 717E-0 3
4 65450. .12739E-03

' 4

65500. .12761E-03 i
'

65550. .12782E-03 t,

* ' 65600. .32803E-03 '
65650. .12823E-03
65700. .12843E-03 *

4 65750. .12863E-03 *

65800. .12882E-03 {.
i 65850. .12901E-03

'

65900. .22920E-03
65950. .12938E-03 4

66000. .1295 6E-0 3
'

66050. .12973C-03 *

I
f.

,

9 . 8 . )

O

4
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Y!A4 A4100*

66800. e l 2',9 0 E-0 3
, , * *66150 .13007E-03 .

66200. .13 024 E -0 3
66250. .13040E-03
66300. .13 05 6E -0 3
66350. .13 0 71 E -0 3
66400. .13 08 6E-0 3
66450. .13101E-03
66500. .33116E-03
66550. .13130E-03
66600. .13144E-03
66650. .13157E-03
66F00. .1317tE-03
66750. .33184E-03
66500. 1319FE-03
66850. .33209E-03 e

66700. .33221E-03 .

66950. .13233E-03'

67000. .13245C-03
67050. .33256E-03

L 67100. .13268E-03
67150. .13278E-03
67200. .13289E-03

e 67250. .13299E-03
67300. .13310E-03
6F350. .13319E-03

( 67400. .13329E-03
57450. .133395-03

. L 67500. .13348E-03*
t $ 67550. .13357E-03*

67600. .13365E-03 (

( 67650. .13374E-03
67700. .13382E-03*

6FF50. .43390E-03
67800. .13398E-03

* 67850. .13406E-03
67900. .13413E-03 .

g 67750. .13420E-03
< f 68000. .1342FE-03 **

.
; 68050. .13434E-03 *

68100. .13441E-03e

i f8 68150. .43447E-03 ,

8 68200. .13454E-03
68250. .13460E-03

5 68300. .13465E-03
68350. .134F1E-03 4

68400. .13477E-03
8 68450. .43482E-03

, 68500. .13407E-03 4

68550. .13492E-03+

' 68600. .13497E-03
68650. .13501E-03 4'

68F00. .13506C-03
68750. .13510E-03 *

68900. 13514E-03
68550. 13518E-03
68900. .13522E-03
68950. .13526E-03
69000. .13529E-03
69050. .33532E-03

.

4

e o e-

O

4
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1

TEC4 AA100
69100. .33533C-03
69150 .135 38 E -0 3 .

69200. .13541E-03
69250. .13344E-03
69300. .13546E-03
69350. .33548E-03
69400. .13551E-03
69450. .13553E-03
69500. .13554E-03
69550. .13556E-03
69500. .13557E-03
69650. .13559E-03
69F00. .13560E-03
69150. .13561E-03
69800 .13562E-03

.

69850. .13562C-03
69900. .13563E-03 e

69950. .13563E-03
10000. .13563E-03
70050. .13563E-03

' #0100. .13563E-03
70150. .13563E-03
70200. .13562C-03

f 70250. .13562E-03
F0300. .13561E-03
70350. .13560E-03

( 70400. .13559E-03
ie 70450. .13557E-03

E$ F0500. .13556E-03
( ? #0550. .13554E-03

70600. .13552C-03
70650. .13550E-03
70f00. 13547E-03
10I50. .13545L-03
F0900. .13542E-03
70550. .13539E-03
70900. .13536E-03 .

70750. .13533E-03 ,
.

..i 11000. .13529E-03 . '
i 71050. .33525E-03 *

' F1100. .13521E-03
( 71150. .13517E-03

8 71200. .13512E-03 . I

'

71250. .13508E-03' ( F1300. .13503E-03
71350. .13498E-03 L
F1400. .13492E-03(, '11450. .13 4 8 7E-0 3

e* F1500. .334810-03
F 15 50 . .13474E-03

( 71600. .13468E-03 'F1650. .13461E-03
71700. .13454E-03
71750. .1344FE-03 *

.

71900. 13440E-03
71850. .13432E-03
71900. .13424E-03
71950. .13415E-03
72000. .13407E-03

.12050. .13398E-03 *

- .

$ $

a
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YEta AA100
72100. .333880-03 e * * '

72150. .13379E-03 a

F2200. .13369E-03
72250. .13358E-03
72300. .13348E-03
F2350. .13337E-03
F2400. .13326E-03
72450. .13314C-03
72500. .13302E-03
72550. .13290E-01
F2600. .13277E-03

4 12550. .13264E-03
72F00. .13253E-03
F2F50. .33237E-03

f 72900. .13222E-03
'

12 9 5J . .13208E-03
729b4. .13493E-03 .

Js 2 > 50 .1317FE-03
73000. .13162E-03
7305J. .13145E-03
73100. .13129E-03
73150. .13112C-03
73200. .13094E-03

i 73250. .13076E-03
| F3100. .130580-03

73350. .13039E-03,

L g 13400. .13020E-03
7- 73450. .13000E-03 84 ,

73500. .12980E-03
(6 73550. .12959E-03 '73600. .12936E-03'

73650. .12916E-03
73F00. .12894E-03
13750. .12871E-03
73900. .12848E-03

8 73850. .12824E-03
73900. .12800E-03
73950. .12 7 7 6E-0 3

.j 14000. .12F50E-03i

. 'i 74050. .12725E-03 *

74100. .32698E-03
g( 74150. .12672E-03

74200. .32644E-03 ,

I 74250. .12617E-03
8 74300. .12588E-03,

7435G. .125590-03 4

74400. .12530E-03
j I .* 74450. .12500E-03

74500. .12469E-03 1

74550. .12438C-03
; I* 14600. .12406E-03

74650. 123F4E-03 1

74700. .12341E-03
. 74T50. .12307E-03 *

! F4500 .122730-03
74850. .12239E-03
74900. .12203E-03
74950. .12168C-03
75000. .12131E-03
75050. 12074E-03 *

.
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TE AR KA100
75100. .12 05 7E -0 3 *

75150. .12 019E-0 3
75200. .11580E-03
75250. .11941E-03
75300. .11901E-03
75350. .11860E-03
F5400. .!I819E-03
75450. .117F70-03
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61251. .30816E-03
61439. .11133C-03
61627. .11427E-03
61814. .11696E-03 *

.

t
* * * - - . _ . ,

,

i

e
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YEA 2 A3100
62002. .11945E-03

,

62190. .12165E-03
8 6237F. '.123F2E-03

62565. .12553E-03
62T53. .12F15E-03
62941. .12858E-03
63128. .12985E-03
63316. .13 09 5E-0 3
63504. .13191E-03
63691. .13273E-03
638T9. .13345E-03
64067. .13405E-03
64255. .13457E-03
64442. .13500E-03

4 64630. .135 3 F E-0 3 *
64818. .13567E-03
65005. .13592E-03

,

8 65193. .13613C-03
65381. .13630E-03
65569. .136440-03
65756. .13656E-03*

,

65944. .13665E-03
66132. .13672E-03

8 66319. .13678E-03
6650T. .13682E-03
66695. .13 68 6E-0 3, ,

.In N 6CR 3 3. .13689E-03 ,

4ga 67L70. .13691E-03 i;
67258. .13693E-03

' I' 67446. .13694C-03
8 '67633. .13695E-&3**

'
67821. .13696E-03
68009. .13 69 7 E- 0 3 ,

6819T. .13697E-03
68384. .13698E-03
68572. 13698E-03
68F60. .13698E-03 ,

68947. .13698E-03
*

* 6 69135. .13698E-03 .

69323. .13698E-03
69511. .13698E-03 o'

( 69698. .13699E-03 ,

e694#6. .13699E-03
3 70074. .13699E-03* (* 70261. .13699E-03 *

'

, 70449. .13699E-03 ',
7063T. .13699E-03

(J 70924. .13698E-03
a71012. .13698E-03

71200. .13698E-43
{(s 71388. .33698E-03

,

T 15 75. .13698E-03
71163. .13697E-03 -

* 71951. .13697E-03 *

72138. .13 69 6E-0 3 '

72326. .13695E-03
72514. .13694E-03 r
72702. .13691E-03
72889. .13689E-03
73077. .13685E-03 *

*.
,

o

Q h

a
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TE AR A8100
, , * *73265. .135790-03

73452. .13673E-03 ,

F3640. .13663E-03
73825. .13652E-03
74016. 13636E-03
74203. .13617E-03
74391. .33592E-03
F4 3 F9. .13562E-03
74F66. .1352 4E -03
74954 .13 4 7 FE-0 5
75142. .13421E-03
75530. .13353E-03
F5517. .13271E-03
75F05. .13175E-03
75893. .13063C-03

* 76080. .12932E-03
76269. .12F81E-03.

t 76456. .12609E-03
.

76644 .12415E-03 6

76931. .1219FE-03
77019. .11954E-03
17207. .11686C-03
TF394. .11392E-03

* TF582. .110 F 4 E -0 3
7FF10. .10 7 31 E-03
77958. .10365E-03(* 78195. .99FF2E-04
78333. .95694E-04 (b 78521. .91441E-04,

( w 78F08. .870380-04' '

38896. .82516F-04 <
t 79084. .77906E-04

79271. .73241E-04
79459. .68556E-04
7964F. .63885E-04
19835. .59263E-04*

80022. .54721E-04,

' .

80210. .50290E-04
'. $0398. .45998E-04 ''.80585. .41869E-04 ***80F73. .37925E-04,

) C' 80961. .34183E-04
) 81149. .30658E-04

.

81336. .27359E-04
L 81524. .24292E-04

- 81712. .21460E-04I 81499 .18862E-04
i 08 8208F. .16494E-04
e 822F5. .14350E-04 (

82463. .12920E-04
|(' 82650. .10695E-04

82838. .9162FE-05 (83026. .78095E-05
83213. .66222E-05 *

83401. .5586FE-05
83589. .46890E-05
83F7F. . 39155E -0 5
83964. .32531E-05
84152. .268900-05
64340. .22115E-05

*
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YEAR <A4108 '
4452Fe e18091E-05
85715. .14733[-05 ,

.84903. el1935E-05
85091. .96209E-06
852FB. .FF167E-06
85466. .61589E-06
85654. .48915E-06
85841. .38659E-06
86029. .30405E-06
8621F. .23797E-06
86405. .18536E-06
46592. .143690-06
86F80. .11086E-06
86968. .85125E-07

e 8F155. .6505FE-07 e
SF343. .49488E-07
8F531. .37470E-07 .

8 8FF19. .28239E-07
87906. .21185E-07
88094. .15821E-07
88282. .11761E-87
88469. .87037E-08
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. Sample Problem 6 User Problem: Establish space and time steps for
,

,

DVM calculation
s .

q Problem 6 allows the user to establish the space and time steps for a

. DVM calculation. Input consists of the network properties and decay chain

of problem 2 with the exception of K0 .
3

.

3Isotope KD(ft /1b)-

:

NP237 2.0
i

*
.

U233 0' . 8

.

TH229 0 '. 2-

.

The DVM option is to be used with the reader choosing appropriate

values for DX and DT. Also, the choice of TUB,.the upper bound time, is.

left to the reader.

To aid in the determination of DX, DT, and TUB, some of the following
~

information may be helpful.

. .

' Distances

Path length = 142500 ft .

Source length = 8000 ft

Dispersivity 500 ft=

.
5

..
-

u
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,

iE

.

+ ..

3, -
.

-,

;

.' Average Velocities
': .

'

Unretarded = 74.6 ft/Y;

.-- k NP237 = 1.01 ft/Y1

; U233 = 2.48 ft/Y
1

6 TH229 = 9.01 ft/Y .

'):
- .1; .

:. Times
.

: -

'' Leach duration = 100000 Y
.1,

! Release time 0Y=
i

1
:

. d' Half-life NP237 = 2.14 x 10 Y6

>

j Half-life U233 = 1.62 x 10 y5
.

'
3Half-life TH229 = 7.30 x 10 y

j

A set of input.and output for Problen 6 is contained in

. Appendix A.
i
.

. e

f

9

.

9

O

e
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h Appendi.x A::

.

1

A Set of Sample Proclem 6

Input Data and output*

.
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o

O
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Table 13-SP (Appendix A). Sample Problem 6 Input Data
'

.

t
es

.

e *

*

SAMPLC PROBLEM NO. 6 +
,

j,

BC 1*

432.75 646 10 932.70 BC 2.
50.0 50.0 50.0 50 0 40.0 40 0 40.0 40 0 BC 4

,

BC 3
1 10. 1.67E-6 1.5C-6 10. 1 57E-6 2.5 BC 4

,

6.C6 6.E6 6.E6 6.C6 1 8E6 1.8E6 1.8C6 1.8C6 BC 5

*

707. 1.0 1. 1.0 540. 1. 1.2E8 BC 514500. 8000. 38000. 100000. 14500. 8000. 38000.' 100000. 8C 6
I 600. 496.5 500. 60.1 5 8000. 1100. 1100.3602 41 2502 41 1525.89 3414.81 3311.31 2814 81 2814 81 2314 81 BC 7

8C &
2211 31 2819 67 1719 67 425.89

,

.3 .3 .3 3 .3 .3 .3 .3 BC 8
BC 7*

.15 15 .03 .03 .3 .03 .3s
D. O. O. O. O. O. O. O. BC 9

8C 8'

.67 1. 1. 1. 1. 1. O. BC 9
4 13 10 3 4
3 BC 10
237. NP237 1 0 2.14E6 1.I3 BC 12
233. U233 2 1 1.62E5 1.E3 BC 12

1 1. BC 12| 229. TH229 3 1 7.3E3 1.E3 BC 12
'- 2 1. BC 12

2.0 20 BC 12' ',
0.8 0.8 BC 13
02 0.2 BC 13

; 1.!5 500. BC 13
BC 14

3. DIS
BC 18,

. .

.

e
4

%
4

9

-

"

e

-218-

- -

D

- - - - , - - - - , . -w,- - ,+
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(PT10NS 1:0 2.0 30 4,0 50 6,0 7e8 0,0
S e 0 10 e c 11,0 12,0 13,0 14,0 15.0 16,0 lies 10.0 1%e0 20e0 21.0 ::+* 3.0

j e a

NUMBER OF ISOTOPES 3
-

! '

|

ISO TOPE N AME H&LF LIFE 11 EARS) INITIAL AMOUNT (CII
NP237,

2.190E*06
U233 1.000E*031.620E+05

TH229 1.000E+037.300E+03.

1.000E+03
LEACH IIME a 1.000E+05 YEARS DISPERSIVITY a a'

5.000E*02 FECT .

NO OF VECTORS a O TIME UPPER BOUND a 3.00C+05
(

*~

-
,

t,,

i
i

'
.

Table 14-SP. Sample Problem 6 Output
e.

1

It ,

,

5

.{

.N
,-d:

eLQ
*O

(
..

0
0 9

( -

!

i,

l
i'

i t
'| 84

i t

!(I

i
i

e e

%g

f
.

9

4

9

* e

b
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. .e...............~............** NLiguun l'Lud nouit ........ ..ee.e....e.e.e.e.....

...ee.e.eee
*. . ......... ......... ......... eeeeeeeee ese...eeen. UPPEC . * * . e . . . . . .AOUIFER * --- . L E G 1 *----------------..

LEG 2 .--------------------. LEG 3 .------------. LEE 4 .---------------. OUTLET .gutET. . . . . . . - . . - e e . . .. . ......... - ......... - ......... - .....e .. - ee................... -
-

. -
~

-

.........
- -

.......... - -. . . .

. LEG 9 *
- -

. LES 10 .
. .

- -
. . - -......... .......... - --

-
- -.

. .......... - .......... ..........
'

- . . . . . . .
,

---.-----. LEG 13 .------- LEG 14t
- e . - . . . .

. * . LEG 15
.

- .......... - .......... ..........
t

-
-

- -.......... ..........
. .

. .
. . -

. LEG 11 . -

. LEG 12(5 ** - -) . . . .
..........

- -
4.-.......

-
- -

( ...........
-

-

' - -

- -. . ......... - ......... . ......... . .......... LDWER . . . - . . - . . - . . -

.

(
AQU1FER .---. LEG 5 .----------------. LEG 6 .--------------------. LEG 7 .------------. LEG 8 .--------

.

L SNLET . . . . .
e

. . . .. . . ......... ......... .........pa ........... .........
to
O
I .

------RADIONUCLIDC h!GRATION PATH------LEGS 13 to 3 4

UPPER AQUlFER thLET
.

.* -
11LET PRESSURE = 62308.80 LR/FT. 2 *

-

ELEVATION = 3602 41 FTi

i L3WER AGU!FER INLET*
INLET PRESSURE = 93038.40 LD/FT. 2

ELEVATION = 2502.41 FT
I

OUILET
,

OUILET PHESSU4E = 62308.80 LD/FT**2
( ELEVATION = 1525.89 FT.

ELEVATIONS OF O Tit E R POINTS
4 JUNCTION 4 (LEGS 1-2-93 = 3414.81 F T

JUNCTION 5 (L EGS 2-3-10 3 = 3311.31 FT
JUNCTION 6 (LEGS 9-11-133 # 2814.81 F T *

JUNCTION T (LEGS 10-12-133 = 2814.81 FT
JUNCTION 8 (LEGS S-6-113 = 2314.81 FT
JUNCTION 9 (LEGS 6-T-121 = 2211.31 FT
JUNCTION 10 (LEGS 3-4-143 = 2819 6 7 F T
JUNCTIONll (LEGS 7-a-14) = 1719.6T FT .

JUNCTION 12 (LEGS 8-15) = 425 49 FT .

LEG PROPERIIES

LEG 1 LENGitt = 1.45E+04 FT
........ AREA = 6.00E.os rT..a Table 14-SP. (cont'd) Sqmola problem 6 Outnut

. .

a
4
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POMOSITY = .3000
ROCN PENSITT 7 1.19E *0 2 LD /FTe e3 * O

FLUID DENSITY = 6.23E*01 L8/FT**3 -

FLUID VISCOSITT = 1.00E*00 CP
I

LEG PROPERTIES

LEG 2 LENGTH = 8.00E+03 FT
......ee AREA = 6.00C+06 Fie 2* CONDUCTIVITY = 1.83E+04 FT/TR

POROSITT = .3000
ROCK OEN5t TT = 1 19E eO 2 LD /PT* *3

FLUID DENSITT = 6 23E+01 L8/FTee3
FLU 10 VISCOSITY = 1.0 0E+0 0 CP

i
LEG PROPER 11ES

* .LEG 3 LENGTH = 3.80E+04 FTt e.e.eeen
AREA = ' 6.0 0 E *0 6 F T e e 2

CONDUCTIVITT = 1.83E*44 FT/TR
POROSITT = .300E

.

i ROCK DENSITY = 1.19 E + b 2 L B /F T e e 3
FLUID OENSITY = 6 23C+01 LB/FTee3

FLUID VISCOSITT = 1 00E+$0 CP(1
.

LEG PROPERTIES.
.

I LEG 4 LChGTH = 1.00E+05 FT,

eeeeeese AREA = 6.00E+86 FTee2
: CONDUCTIVITY = 1 83E+S4 FT/TRITO POR0SITT = .3000

*k BO ROCK DENSITY = 1.19 E + 0 2 L B /F T * * 3I "'
' FLUID DENSITT = 6.23E+01 LB/FTee3'

FLUID VISCOSITT = 1 00E+00 CP

LEG PROPERTIES a

(e
',

LEG 5 LENGTH = 1.450+04 FT ,. +eeeeeen AREA = 1 80E+06 FT*e2 *
t CONDUCTIVITY = 1.46C+04 FT/TR

*

| POROSITT = .30004i ROCM OENSITT = 1.19E + 0 2 L8 /F T + + 3
+

e i FLUID DENSITY = 6.23E *01 LB/F T * *3
FLUID VISCOSITY. 1 00E+qo CP=

8

LEG PROPERTIES

LEG 6 LENGTH = 0. ODE +0 3 F T'%, ******** AREA = 1.80C+06 FT*e2
i CONDUC T I VI TT = 1.46E+04 FT/TR

PORDSITT = .3000
i ROCK OENSITT = 1.19 E * 0 2 L U /F i e * 3

FLUID DENSITT = 6,.23E+01 LD/FTo 3 e
FLUID VISCOSITT = 1.00E*00 CP

LEG PROPCMTIES

LEG T LEhGTH = 3.80E+04 FT
se****** AREA = 1.80C+06 FTee2

CONOUCTIVITY = 1.46E+04 FJ/TR
.

'

POROSITY = .3000
ROCN DENSITY = 1 19E +0 2 Ln/F Te e3

roulo OENSiTT = 6.23E.01 tu/FTee3 Table 14-SP. (cont'd) Sample Problem 6 OutputFLUID VISCOSITT = 1.00E+00 CP

-
4
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'

LEG S LLNGTH = 1 00E*05 FTesoneseo AREA = 1 80E*06 FTeet'

CONDUCT 1VITr.= 1.96EoO4 FT/TR
*

POROSITY = e3000
-

ROCN DENSITY = 1 19E+0 2 LB/FTo 3*

FLUID DENSITY = 6.23E+01 LB/FTe e3
FLUID VISCOSITT = 1.00E+00 CP

.

LCG PROPERTIES

LEG 9 LENGTH = 6.0 0E*02 F Teeeeeeen AREA.: 7.07C+02 FTee2g, ' CONDUCTIVITY = 3.65E+01 FT/YR'

(' PORDSITY = .1500
ROCK OENSITY = 1. 9 5E +0 2 LD/FT+ e3' ;

FLUID DENSITY = T.02E+01 LB/FTee3| FLUID VISCOSITY = 1.2TC+00 CP(.- *

LEG PROPERTIES
( LEG 10 LENGTH = 9 9fE*02 FT*

eeeeeeee ARCA = 1.00E+00 FTee2g( CONDUCIIVITY = 3.65E +03 FT/YR
POROSITY = .3500

ROCK OENSITY = 1.4 5Ce0 2 LB/FTe e3*

FLUID DENSITY = T.90E*01 LB/FTee3|('. FLUID VISCOSITY = 1. 4 3E * 0 0 CP5

| ('. N LEG PROPERTIES
8

i h$ LEG 11 LENGTH = 5.00Ee02 FTs eeeeeeee ARCA = 1.00E+00 FTee2| ( CONDUCTIVITY = 6.ICC-04 FT/YR
POROSITT = .0300

ROCK OENSITY = 1.6 5C+0 2 LD /FTe e31 (* FLUID DENSITY = 7.40E+01 LD/FTe*3j FLUID VISCOSITT = 1.43E+00 CP
f

LEG PROPERTIES *
.

LEG 12 LENGTH = 6.09Ee02 FT(, seeeeeee, AREA = 1.00E*00 FTee2
CONOUCTIVITY = 5.90E-04 FT/TR

POROSITY = .0300(i ROCK OENSITY = 1.65E+0 2 LB /FTe e3FLUID DENSITY = T.90E+01 LB/FTee3
FLUID VISCOSITY = 1 43E+00 CP(6

LEG PROPERTIES ,

| (i
4 LEG 13 LENGTH = 8.00E+03 FTe*+eason AREA = 5.90E+02 FT**2

CONDUCTIVITT = 3.65E+03 FT/YR
POROSITT = .3000,

, ROCK DENSITY = 1.19E+0 2 LD/FTe e3
FLUID DENSITY = 7.9 0E+01 L D/FTe e3

FLUID VISCOSITT = 1. 4 3E + 0 0 CP

LEG PROPCRTIES
*

.

L EG 14 LENGTH = 1.l OE+0 3 F T
.

**eessee AREA = 1.00E*00 FT+*2
CONOUCTIVITY = 5 73E-04 FT/TR

POROSITY = e0300 Table 14-SP (cont'd) Sample Problem 6 0utput
4 e o .

* *
.

0



1.u 5i +[2 L d /F s' * * 3
~ ~ ~~ ~~ ~~^

aw;n u ..La4% =

FLUID DENSITT a T.40C+01 L8/FTee3
FLU 10 Vf3COSITT*z 1.43E*00 CP , s .

LEG PROPECTIES

LEG 15 LENGTH z 1. !OE+0 3 F T
.....eee AREA a 1.20E+08 FT**2

CONOUCTIVITT = 1 13E +0 2 F T/TR
POROSITY = .3000

dOCN DENSITT = 1 19E +0 2 L8 /F T * *3
FLUID DENSITT z 6 23E+01 L8/FT**3

FLUID VISCOSITT = 1 00E+00 CP
a -

01STRIBUT10N COEFFICIENTS BT LEG AND 8T ISOTOPE
8

NP237 U233 TH229 .

LEG 13 0. O. O.
LEGIO 0. O. O.

*

LEG 3 .20000E+01 .80000C+00 .20000E+00
LEG 4 .20000E*01 .80000E+00 .20000E+00

t

RE TA40 A T10N F ACTORS 87 LEG AND 87 ISOTOPE
*

i;
e

NP237 U233 TH229
LEG 13 .10000E+01 .30000E+01 .30000EWO1

' f* LEGIO .10000E+01 .30000E+01 .30000E*01
. LEG 3 .79433E+03 .318 33E + 03 .80333E*02
! LEG 4 .79433E+03 .31833E+03 .80333E+02

e8
. .m
'N
L2 LEG NO. FLOU VOL. DARCT VEL. PORE VEL.'

(CU FT3/ DAY FT/DAT FT/ DAY
1 3.88[+06 6.4TE-01 2.16E*00' 2 3.H8C+06 6.4TE-01 2.16C+00 -

'.3 3 88E*06 6 47E-01 2.16E+00
, 4 3.88E+06 6 4TE-01 2 16C+00' ,

5 6.58E+05 3.66E-01 1 22E+00
i 6 6.58C+05 3.66E-01 1.22E+00 *I T 6 5SE+05 3.66E-01 1 22E+00' 4 8 6 58E +05 3.66f-01 1 220*008 9 -1.02E+00 -1.45E-03 -9 65C-03
I' 10 1.02E+00 1.02C.00 6 82E+00t * 11 -1.66E-06 -1.66E-06' -5.54E-05
! 12 -1 390-06 -1.39E-06 -4.64E-05

13 1.02E+00 1.89E-03 6.32C-03(3 14 -5 83C-07 -5.83C-07 -1 94E-05
15 6.18E+05 5.48E-03 1.83E-02

.

t* TOTAL PATH LENGTH IFT) = 1.4650E+05
'

FROM OCPOSITORT MIDPT L F T) =, 1 4250E+05 . .

AVER AGE FLUID VELOCITY IFT/Y) = 7.4586C+01

THE SPACE STEP *************** DX = 2.67855E*03 FT
THE TIME SICPa**********.**** DT = 2 65065E+03 T
NO OF SOURCE BLKS************ NSH = 2 Table 14-SP -(contd') Sample Problem 6.

VELO;IIIES AND PRODUCT ION FACTORS FOR EACH SullCHAIN CONSIDERED
DAUGHTER PARENT (53 A VE ft A GE VELOCITY OFCAT/ PRODUCTION FACTORIOT3 COURA4T MU48ER

'

NP137 80ECAT) 10105C+01 9991er.a9 .** ***98

-
.
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YEAR NP23F U233 TH229
5301. O. O. '- 'O. e O
7752. G. 9. O. ~

10603. O. O. D.
13253. O. O. .65353C-0715904. D. D. .35529C-05
18555. O. D. .81903C-05

_ 21205. O. O. .106500-04
23856. O. O. .13275C-04
26507. O. C. .16499C-04
29157. O. O. .19296C-04
3180S. D. o. .2 2 7 3RC-0 434458. O. O. .26500E-09
31109. O. .31924C-13 .30611C-0439F60. O. 18571C-10 .35101C-04I 42410. O. 11934C-08 40013C-04
95061. O. 23071C-07 .95402C-0497112. O. .200700-06 .51287C-04

.

I 50362. O. 97623C-06 .51558C-04i 53013. O. .30487C-05 .63852C-04
55L64. O. .67988C-05 .69579C-04( 58314. O. .11454C-04 .74199C-04
60965. O. 15939C-04 .77514C-0463616. O. 19297C-09 .79747C-04( ) 66266. D. . 2138 7C-0 4 .81279C-04
68911. O. .225F3C-04 .82442C-04
71568. .11651C-21 .23282C-04 .43442C-04l' 79218. .59001C-19 .23793C-04 . 8 4 3 7 0C-0 4
16569. .52926C-17 .24290C-04 .n5262C-04
79520. .19609C-15 .2467CC-04 . 8 612 7C- 0 4

,
(- 82170. .41333C-14 .25097C-09 .86967C-044 84R21. .56993C-13 25527C-04 .87781C-04/ 8F472. .56309C-12 .2595RC-04 .88569C-04ha 90122. .42367C-11 .26391C-04 .893300-04P0 92773. .2":76C-10 .26827C-04 .90062C-09ln 95923. .12305C-09 .27265C-04 .90765C-09'

98074 .52030C-09 .27705C-04 .91936C-04100725. .18660C-08 .2814AC-04 .92075C-04I 103375. .5R665C-08 28592C-09 .92681C-09
,

.In6026. .36399C-07 .2909aC-04 .9325tC-09 **

108677 .41248C-07 .29489C-04 .93785C-04
| 11132T. .94313C-07 .299900-04 .94264C-04.t 113979 .19718C-06 .30391C-04 .937290-04
| 116629 .3R340C-06 .30343C-04 .9039aC-04

11927). .69176C-06 .3129?C-04 . 86 7 8 7C-0 9
'

l. 121930. .11689C-05 .31737C-04 .84590E-04124581. .18603C-05 .32173C-04 .H2206C-04; 121231. .26021C-05 .32595C-04 .79530C-04i (I 129982 .4015AC-05 .32999C-04 .76540C-09
| 132533. .54965C-05 .33379C-04 .73215C-04135183. .72155C-05 .337310-04 .69532C-04g () 137934. .9119fC-05 .34 049C-04 .65464C-04
3 190485. .lll38C-04 .34330E-04 .60983C-04

143135. .13190E-09 .3956FC-04 .55045C-04
.

195f86. .15116C-09 .347090-04 .50611C-04
19n43F. .17 085C-0 4 .34543C-04 .44699C-09151081 .1RB02C-09 .33565C-04 .38488C-09153 f 3n . .20311C-04 .31183C-04 .32901C-04
156388. .21596C-04 .27333C-04 .2 7 016C -0 4159039 .22656C-04 .22 51C-04 .22183C-04 .

161690. .23505C-04 .18628E-04 19783C-04 Table 14-SP (cont'd) Sample Problem 6 Output.
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.
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- - - ~ ~ ~ ~ * * - " ' ' ' ' ~ ' ~164340. .24865C-04 el565fE-04 .17761E-94166991. .24665E-09 .13899E-04 .16344E-09* 169692. .2 5 0 31 E -0 4 .42821C-04 .15234E-04 *

172292. .25292C-09 .12187E-04 .14259E-04174943. .25472C-09 .1170 5 C-0 4 13342C-04177594 .25590E-04 .11271C-04 .12957E-04
.

180244. .25664E-09 .10846C-04 .11596E-04182895. .257C7E-04 .30420E-04 .10758E-04*185546. 25727C-04 .9991/E-05 99 4 4 6E- 05188196. .25732E-04 .95606E-05 . 9156 3 E-0 5 *
,

190R47. .25727E-04 .91267E-05 .83944E-05193499. .25716E-04 .86902E-05 .76598E-05196148. .25701E-04 .82511E-05 .69537E-05
*

*198799.- .25682E*04 .78096E-05 .62775C-05? e 201450. .25661E-04 .73657E-05 .56323E-05j 204100. .25635E-04 .69193E-05 .50196E-05206751. .25601E-04 .69706E-05 .44407E-05'
' ' 209402. .25553E-04 .60199C-05 .38970E-05212052. .25470E-04 .55674E-05 .33899E-05

.

214703. 25335E-09 .51190E-05 .29206E-05* 217353. .25113C-04 .46610E-05 .24902E-05
*

220009. .24764E-04 .42105E-05 .20196C-05222655. .29242C-04 .37652C-05 .17490E-05! 225305. .23504E-04 33291E-05 .19384C-05217956. 22516E-09 29067E-05 .1167tE-05230607. 21260E-04 25031E-05 .9335DE-06
.

i 233257 .19749E-04 21237E-05 .73566E-06* 235908. .tB001C-04 17732E-05 .57089E-06,
, n3 238559. .16087E-04 .19559E-05 43606E-06lo( ) 241209. .19 0 75 E-0 4 .11746E-05 .32771E-06,e 293860. .12047E-04 93056E-06 .24226E-06
| 246511. 10 080E -0 4 .72366E-06 .17612C-06"t 249161. .82425E-05 .55222E-06 .12590E-06
,

251812. .6586eE-05 .41394E-06 .80495E-07254463. .51992E-05 .30367E-06 .61162E-0761 257113. .39272E-05 21882E-06 .91566E-07
,

259764. .29316E-05 .35472C-06 .27781E-07262415. .21906E-05 .10735E-06 .18262E-07l") 265065. .15297E-05 .73118E-07 .11811E-07
'

.
3 267715. .10703E-05 48898E-07 .7515BE-08

.
*

i 270367. .73358E-06 .32119E-07 .97073E-08e t 273017. 49281E-06 .20729E-07 .29026E-08
'

! 275668. .32467E-06 .33199C-07 .17625E-08| 278318. .20987E-06 .82009C-08 .10592E-08
k () 280969. .13319E-06 .50313C-08 . 6213 3E- 09
*

283620. .83021E-07 .30374E-08 .36 09 9 E-09
| 286270. .50859E-07 .18051C-08 .20673C-09e ( 208921. .30635E-07 .10569E-08 .11678E-09291572. .18153E-07 .60908E-09 .65079E-10
| (i 294222. .10587E-07 .39610E-09 .35792E-10 -

? 296973. .60800E-08 .19389E-09 .19432C-13'
299524. .34397E-08 .10713E-09 .10417E-10

'

302179. .19179E-08 .58405E-10 .551,65E-11 Table 14-SP (cont'd) Simple Problem 6 Output.
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